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“A veling & Porter, Ltd, 
* ‘Roonxsren, Kent, 
in and 72, Cawwon Street, Lonpon. 
STEAM ROLEBRS. ROAD. LOCOMOTIVES 
5 STRHAM CULTIVATING MACHINERY. 
~ STEAM WAGONS. TRACTORS 
CBMENT-MAKING MACHINERY. 5238 


A, Mentord 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY any War Orrice Lists. 
ENGINES for Torpedo Boats, Yachts; Launches. 
BOILER FRED PUMPS. 

t See Advertisement, page 29. 
_ PATENT WATBR-TUBE BOILEKS, 
AUTOMATIU FHED REGULATORS, 
And Auxiliary ay em an Og supplied to cago 








' (‘ranes.—Electric, Steam, |x 


HYDRAULIO and HAND. 
of all t: and sizes 
GEORGE RUSSBLL & O0., Lrp., 
Motherwell, near Glasgow. 5607 





STEEL TANKS, PIPES, GASHOLDERS, &c. 


thos. Piggott & Co., Limited, 
IRMINGHAM. 
See Advertisement, le last week, page 99. 


| Plenty a: and Gon; 


MARINE BNGIN EES, 
__Nuwsvry, Hye Hne.anp. 


&c. 
9983 


plank Locomotives. 
Specification and \prewe equal to 


Main Line Locomot 
R. & + HAWTHORN, LESLIE & OO., Lrp., 
, NEWCASTLE-On- -Trye. 5699 


MANUPAOTURERS. 


Suction 


Hose ovr... 


iUTPA PEROHA & RUBBBR, LIMITED, 
Toronto Canada. 


5211 
rine Glasgow Railway 
eerin Company 

AN, GLA! : 
London Office—i2, Victoria sires B: ee 
MANUFACTURERS 
RAILWAY OGARRE GH. WAGON J ‘AND TRAMWAY 


& S 
CARRIAGE & WAGON IRONWORKS, also 
CAST-STHEL AXLE BOXES. 5769 


P. & W. MacLellan, Limited, 


Or Soa. get ac 
OTURERS © 








RAILWAY OARRIAGES ties WAGONS, 
" OF EVERY DESCRIPTION. 
RA\lLWAY IRONWORK, BRIDGES, ROOFING, &¢. 
Chief Offices: 128, Trongate,Giaseow. . Od 8547 
Reg ‘ered Offiees: 1084; Cannon St.; London, B.C. 


F uller, Horsey, Sons & Cassell, 
SPECIALISTS 
n the 
SALE AND VALUATION 
PLANT AND MACHINERY 


ENGINEERING WORKS. 
1, B ‘LLITBR SQUARE, LONDON, B. Cc. 


]=vineible (F2x8e (;Jasses. 
BUTTERWORTH Bi 208., L Pe eee 
BROS. a ta. 


Orns, 





Od 1834 


Od 9768 


genet 


arrow & Co., Litd., 


Y. SHIFBUILDBRS AND BNOIN ERS, 
“Srmups sPuuDS UF 50 of ne MILES HOUR. 


Exceptional nal Shallow Dedapht. 


PROPELLED BY STEAM 
Turbines or Oa'eiee 


Internal Combustion Engines. 


((ampbells & Hees. } 4. 


Gear Cutting. 


Worm Wheels cut up to 18 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 





DOLPHIN FOUNDRY, LEEDS. 4547 

2 & achts, Launches, or Barges, 
Built complete with Steam, Oil me Wood 

or Machinery supplied. ad 8651 

VOoPRR. H 60. ., Laem Broap STREET, Sistem 








rop 
GARTSHERRIE BENG 
50, WELLINeTON 


fampings 


BRING & FORGE O0O., 


. Giaseow. me ) 





Li) FURL APPLIANCES. 
6 ee 

ero pe 7 Atk, STEAM. 
For Boilers of ali types. 
KERMODES LIMITED, 


35, ae en Street, 
100,” Ferdeharch Bt. London. 
Naval Outfits a Speciality. 
4078 
| ocomotives Tank Engines 
£B AND OOMPAN 
MANNING AND COMPANY, Luairsp, 
Boyne orks, Leeds. Od 2487 
See their THlus. 6 107, last it week. 
MULTITUBULAR AND 
ochran CROSS-TUBE TYPES. 


See page 98, March ®. Boers. a. 
Tm roved High Pressure 


BWASLE DIsO a Shp 
EAL D * page 20, 
pee eRiTISn ang! 


«QHipoly” 


MACHINES BELTING 


FOR 
Dtivize 


(onveying 


Filevating 


SoLB MaNUFACTURERS 
L°™s & -"\ylor, Ltd., 


CARDIFF. 





5734 








5434 
GLaseow. 





r jain 
‘Tubes and Fittings. 
' Scottish Tu Tube Co., itd., 


ae OvFice : 34, Robertson Street, Glasgow, 


Esa and Boers 
INSTITUTE 
at their ae coer 


ny Wetiahon & Eabersiory: 


3. ie 


"Sel Gerrard, a Wire: 








MILLWALL, ee es R, 


-j ohn 
ENERAL ConsTRUCTION. 


Boilers, Tanks Mooring Buoys 
Sra, Purnin, Tayus, Arm RECEIVERS, 

CuIMNers, RiverEp Srureseuttebeeeloeden 
Hoppers, Spxctat, Work, REPAIRS OF- ALL Kuws. 


F[iubes, Iron and Steél: 
Edwin Lewis & Sons, *™ 


pubes > 








vad Fittings, 


Qtewarts and T jovas, [4 
Glasgow and Birmingham. 


See Advertisement page 7. 
GQeveral Generating 
SALE from 100 KW. to 

A.C,, usual voltages, 

200 KW. GENERATING SET, enclosed High 
Speed Engine, two phase, 50 periods, 2,200 volts. 

62 HP. MOTOR, three phase, 800 r.p.m, 


JENNINGS, 
Weat Walis, Neweastle-on-Tyne. 5256 


Y. Pickering & Co., Lid. 


ISHED 
BUILDERS of ILWAY OARRIAGBS& WAGONS. 
MAKERS of WHEELS and AXLBS of all kinds, 
RAILWAY WAGONS FOR HIRE. 
Chief Works and Offices ; 
WISHAW, near GLASGOW. 
Londan Office : 8353 
3, Vioronta StREET, WESTMINeTuR, 8.W; 
TAB WELL-KNOWN 


Frize Reda Moulding Gand, 


FOR 
IRON, BRASS, ALUMINIUM. 


5707 


Sets for 


EW., DO. and 











APPLY, 


Mansfield Sand Co., Ltd., 


MANGFIELD, NOTTS. sits 





“aim | The Norman Thompson 


Plz ght Co., Ltd. cero. 1900, 


Contractors TO THE ADMTRALTY. 


“THE FIRM WHO GAVE THE FLYING BOAT 
TO THE NAVY.” 
ALE BRITISH BUIET. 
Works :—Mipp.eton, Boenor, BnGLanp, 
London Office:-Dawak. Hovsn, 11, HAYMARKET. 
Telegrams—‘'Searing, Bognor.” _ Telephones—Boguior 48, 
“Butifiyte, Charles, London,” Gerrard 7385. 


Mexhine Tools in Stock :— 


Vertioal DRILLS, to admit 18 im. 26in.. 
Th in, contee Special Bhatitag 7. decone 
n. contre 
hoa PLANER 25ft, by 6 
JAMES 


Chamber fron Woe Hollinw 











FLOATING CRANBS. COAL ee 
VES: 


Werf Conrad, pana 
Agrtte: BARES Woe Friars Hover, 
39-41, New Broap Sr., tom 

See half page Advertisement, last and next wack 


A EN wt 


Bellamy, | jmites, : 


les Limited, 


SYP’ me ae bree VRS. 





rrow Patent 


we Boe 


Y? 


PRESSING s and aT MACHINING of tbe various 
¥ suoh as the Steam 


ARROW 

SMEWAY GRMIAGWS BEGTRIO GANS: Ee. 
He N elson & o., | td. 
Elana Spo Dae Y= 


Matthew paul & (o. [4% 


Levexronn Wonxs, Dumbarton. 5904 


See Full Page Advt. page 68, March 9. 
Froreings. 
Walter Rees & Co, t ie 
Peat ~ and Shear 
BOLALISTS 4186 


SPEC 
Consult us. “(The Best and the Cheapest.” 
Stock. Satisfaction Guaranteed, ish. 
_ _SOOTT BROS., West Mounr, Ax. 


Taylor & Challen 


Presses: 
ailway 
(Qwitches and 


rossings. 














De! Metals. 21Gu.chass 
FO eee beat, Bars, 8h Wire, Tubes. 


Bas? nti bara REAL BR. (@at Birm 








i ease " a E pas nen ae 





area - 
61, rus de Perrey—1 
és _(Brance,) . 
Boats, 





Destroyers, 
Su! 
NO 





(jentrifugals. 





ATER. SOPTENIN NG and PILTRRUNG. 6188 : 


T. SUMMERSON & SONS, LIMITED, © 
DaRLivetor, . 5440 © 


- ENGINEERING ALLOYS. - | 


pm” — 
as - 
. = . ¢ aye » - iv t ‘er . i. F 
hd P, . = ER an” - .- ? wt t " 4 . - > 
Sy Pas rf 4 - : a, ae * . ¥ eet rs 
Be in. t.," s > eee 7 t ‘i ~ is 


IS 
£ S oe Vt ta . 
POF 25 ate : 








MINISTRY OF MUNITIONS 
OF WAR. 


ORDER AS TO PRIORITY, 


Whitehall Place, 8:W. 
February, 1917. 


The Minister of Munitions in exercise of -the} tions 


wers conferred upon him ag Defence of the 
im Regulations and al) ot 


him aaa 
eer 8 ed he: 
shall in ail neapocte comply with the following 
directions and regulations as to the rity to 
given te work carried out in their es re 
— and elsewhere in or in connection with 
es, businesses, or industries or ways of them. 
heme ny shall be given to work in such trades, 
a) Pho nd industries in accordance with the 
classification set out in the first sehedule hereto. 
All work and orders for or 
omg by them shall be divided into three 
lass A, Class B, and Clas OC mentioned 
in the iret tas 
3) 
pachee of work and orders in Class B or Class C, 
and work and orders in Class B shall take 
dence of work and orders in Class C irres ve of 
the date when the orders were received and of any 
contractual obligations to the contrary. 
pA. fA megeve ed to “a ye Ay 7 hereof orders for work 
A or Class B 
4 certificate 
the form set 
—s the 


ae the nd «> — be if pone Aa hoor « 
from the person eemen, erates the same 
out in the second schedule cates stati 
work belougs to Olass A or Olass 


5) In the case of a 
ast regards the wel oo particular part thereof 
is -regulated by 
tions from any 
mend, such shall not 
relates to the production so regulated act on a 
certificate: presented to him by another person, but 
must apply for instructions to ee 
regulates such ction, mes yom eg 
department the certificate presented ny order 
for work which entails the use of materials which 
are for the time being subject to control by a 
Goyerament Department, and in- respect of which 
Regulations shall have been issued, must not 
catried out. until after compliance with the sa 


lations, 
) Any order for work not accompanied 

tificate v4 the form set out in the second schedale | 2a 
erste. to the effect that the work falls within 
Olass A ov Class B shall be treated as an order for 
ny . alte pastel 4 directions la- 

(2) Any or 8 or 
tions issued in writing | Minister of M 
or by any Government lating a 
duction as mentioned in paragraph 6 hereof, as to 
the classification of ong or order or as to the 
relative urgency of & work or orders belong- 
ing to the sume oe, as shall over- ride these general 
directions and 

Aé from the di 
stituted for Circular L. 83 as to control outs 
issued by the Minister of Munitions on the 
— er and references to this order and she 

mire sey 75 Maes lasses herein mentioned shall be 

suietl ted all orders, directions, notices ind 

rmites already made or issued bd on behalf of 
he Minister of Munitions erent references therein 
to the said Cireular L. 33 and the classes therein 
mentioned but such substitutions shall not affect. 
the previous operation of the sald Circular L. 33 or 
any of such orders, directions, regulations, notices 
or permits, or the validity of any action taken under 
them or any of them ry any penalty or punishment | de 
incurred in respect of any contraventiun or failure 
to comply with the same or any of them or an “gn 
ceeding or prnety in respect of such penal 


unishmen 
4 And any cortionte already issued under the bo 
anew oe 33 shall so far as the same was proper 

issued Rancasier continue to have the same Tek 


as if this order had mores Been made, 


ad po SCHEDULE ABOVE 7 papa 
) CLASSIFICATION OF WO 


Definition of Class A. 
Clase A com: 
Work or material wholly ara as a component 
part of any work or goods to be carried ovt or 
supplied under 
rd A Government War Contract which 

1. Any Contract ed by the Admiralty, the 
War Office, or the Minister of Munitions. 

2. Any Contract for Nayal or ea Equ 
ment p by an Allied Government by or wit 
the cunsent in writing or the Admiralty, the Ww 
Office, or the Minister of Munitions. 

a} Certified War work whieh signifies : 
1. Work on a Contract or Order: which th: 
Admiralty, the War Office, or the Minister of 
: Hitions has certified in writing to be War o: 
Munitions work. 

2, Work which the Minister of Munitions has 

directed to be treated on an equality with War 


work. 

(c) Merehant shi @ work certified in writing 

by the Board of ie to.be Munitions work. 
Delnition of Class B. 

Class B comprises: 

Work or material peelly required for : 

(a) Repairs to existing industrial machinery (but 
not the replacement .of old machi nate HR 
wherever essential to maintain continuity of opera- 
tion in the United Kingdom 

(>) The niaintenance of “reasonable Fn ys of 
materials or astioles necessary as vara | Xe 
of work or goods to be carried out or + sapped under 
any orders or contracts to be executed under Class 


A ni tap em - 
e ers, certified in See the 
Trade, the Admiralty, the Wat offer 
the + wg of Munitions to 
nativnal importence to be’ apeslaliy Somverte “for 


es 


ifies ; 


ork anit orders fa o™ A shall take pre-{ Pqse 


fio directions or regula- | Dt 


inegeot this order shall be sub- a 





Fag 485 red eee A 
es or tne Ministero uni the 
war. > 
ied in writing 
"Fi cums jervice to be Peat 
aoe eos > the Minister of 
‘a cemey by other Government Raped oes at 
such materials can be spared. 
: Definition of Class C. 


** Class bs ree all work not sie 9 in 
Classes A 





THE SECOND SCHEDULB ABOVE REFERRED 


FORM OF cunnsidars. 
This Certificate is issued for the purpose of secur- 
ing E weeping dt for the work yee to hetein, in 
directions given the Minister of 
nitions on the Defence of he Realm Regula- 


CERTIFICATE. 


To: 


Order No. 
(of ordering firm or establishment) 
Quantity and description: 
1/We heveby certify that the work or materials 
described herein are required: for the following 
Vere st state Mpa ticulars of he specia! War, 
National or er purposes of the order.) 
+ As Sompakend of the subject matter of a 
ES ene Contract bearing the following refe- 
rence number, vic., No. aud fo rth pur- 
of: 
2. (If not.a direct mate. ara of a Government 
Contract.) For the purpose of 
References :— 


and for no other purpose; and that such order falls 
within Class as defined ‘on the back hereof. 
1/We hereby declare the above to bea true and 
accurate statement. 
Pignet on behalf of 
( ae ee ee aseet tion in First Schedule) 
A FALSE DBO ON ON THIS CBRTIFI- 
CATE IS AN OFFENCE UNDER THE DEFENCE 
OF THE REALM REGULATIONS. 
The Certificate must be signed a& Partner, 
rector, ©, or responsible official, 
apt ota to any Officer appointed 


ernmen mt. 
be me of this Gertifieete for eee in making ng applica | 7 
tions can be obtained free of ¢ any 
Post Office, where supplies will alwa ‘ve baeationte, 
or by order ffom any Money Order 


Ss 


THE THIRD nieces ABOVE REFERRED 
1. All trades, businesses or industries carried on 
in an ary ment in. which directions as to 
iyeety and been issued on or before the date of 
this order. 


2. eB trades and manufacture in or of metals; 
a2, ee implements and vehicles. 
3 "he Bhe 0 ag. of ee for use in Ges Fr 
f Pottery” ana” and Glass Trades. 
Building and and Textile 


ga Werks of teclene a Oifcloth and 
Table I Daive Maoufacture. T , aud Line 
Trades and Magufacture. Coal Tar Products (manu- 
facture ry: Dyestuffs (manufacture of). Other 
Chemical Produets (manufacture of), 

pee and Oiher ae ep ge (manufacturers of). 


Crushing. Candles (manufaeture 
Fertilizers (manufacture so 
Varnishes (manufacture of) 
ge | Wicker Work ees of). 

thographic 

Troaa Trades and Manufacture. 
Manufacture. Coke ( 
Trades and Manufacture. Water 
and of Klectricity 
Stone, w Granite 
Cutting and Pe egal xr ‘Booktand 


* The consent of ewe ee Departments wil usuall 
be given through the Commission sornationale 

vataillement tune International Co mission), 
Todie House, Ki way, , to thee applica- 
tion oe be for 





gtons. — Engineerin; 
gto Sa EOR. AALLM.LE, an: 
yf a 


tsmanship.—: 
Oxford Road, Manchester. Drecgh pee 


mee Quarrying, | ® 


certificate may be issued for orders in 
@ 369 | W. 


, Siemens Shares.” 


The Public Trustee does not bind himself to 
any be reg and reserves to himself all rights 
connection therewith, 
of Tender can be obtained from the PUBLIC 


mused this 8th da 1917 G 166 
s 4 a 
C. J. STRWAMT, Public Trus' 
Custodian for England and Walks. 


DE SILVA & WALLACE, LIMITED 
(Ly LagurpaTion). 


The RECEIVER of DE siya s f WALLACE 
baat (in 


enders for the P Purahees of 


the BUSINESS asa going rag The assets 

$e be sold (subject to the sanction of the Ministry 

of Munitions) comprise the Plant, Machines? 

teed -in-Trade and a cote -g and various Fx- 

ures and Fittings, of w are set out 

ry. together ith Goodell and two Leases, as 
lows :— 


1. Lease - 10, Princess Mews, Hampst 
N.W., ‘tor an uriex term of 


tead, N.W., 
24th 5 ke 1918, at a rental of £55. 
lars oe obtained from the 
Rece Chartered Account- 
ant, 60, London Wall, BC. C.. ” whom Tenders in 
mma Carte be delivered not later than Blenday, 
26th » 191%. The Receivér does not bi 
himself to accept) any Tender, sad sieves to 
himself all rights in connection Forms 
of Tender can bé obtained from the Receiver on 
applicationi n writing. 
PARTICULARS. 
Three Electri¢ Motors, Wiring, Switches, re 
ing. Belting, Pulleys, Countershafts, two 
Lathes, ee Cadstan Lathes, one Webster a 
Bennett Lathe, one Bickford Mitling Machine, one 
Sensitive Drilling ee one ee: ditto, 
meng Saw, three Grinders, ¢, Benches, 
aah agg nantity of om smal] tools, Chucks, lis, Peps. 
ision Instruments, a quantity o 
Noelia’ ‘Nuts and Bolts and General Stechs: 








Oils. 


Office Furniture, comprising Desks, Tables, Chairs, Se 


Safe, Typewriter, &c. 
APPOINTMENTS OPEN. 
Bs. Founding.— Works 


Wanted, 6 o'clock man ors 
"sreatieal and up-to-Jete knowled 

Brace Founing, —enmet end Cope: Biss Fi 

Light eering and Coppersmith ply a 

Modern emrngpes Oe pees owen 

age, ex ry wanted and whe 

to“ B ABS” Wiuutax Porrsous & Co. Been 

Agents, Glasgow. 


k tendent 
ote mdent or 





Sing 
Ge 





who have made 

tion in large wi 

man. State age, eniiecenet. rf salary begunnea. 

No one employe ed on Government work will 

antehian App: your nearest EMPLOYMENT 
ANG mentioning this Journal and A "os 





irst-class Expraaiey 
wypentora gga WANTED by Government con- 
> and small engines 


and ‘. 
pon tn ghey Government chet 


BMPLO 
mentioning this Joumel and A 


hemist. — Thoroughly Perens 
fied oe Se a eenpe: oe CHEMIST 
TED. hest nt gem Fe steels f 


State particulars of ai Ererience, ag present em- 
matt a and salary ex Movie aioe already on 


nearest a ae GE, 
enbtioning No. A 3038. 





Sten, baht be -bearings. 








TENDERS. 


IN THE MATTER OF THE TRADING WITH 
THE ENEMY AMENDMENT AOT, 1916. 


The wae ae TRUSTEE invites 


j"Tenders £ or the Purchase of 
the Whole or an 


rt of es Shares of 25 
ach, fully pad. tw SLNATRNS BROTHANS & COM. 





jects, will be required 
as to nationality and freedom from f 
on a form to be obtained from the 
Public Trustee, 
oe an pesehaees Se ae ea eee tocentiaty she I mp 


Shang to corey etry on the pete the Com 
efficiently as heretofore, or otherwise to the SS es 
tion of the Government. 








uperintendent Rate Finer! for | 

bench work in aeroplane f. N.W. London 
district. No one residing more than 10 miles away 
or already on Government work — apply,— 
Address, G 373, Offices of ENGINEERING, 





hief Rate Fixer Wanted, in “ 


connection with premium bonus oem, for 

lerge shipbduitding and e neering establishment. 
2 may already e' n Government work 
mil be ‘ed, — Apply, mating full a yh 


aud salar » your 
concent ut anton ge iT “RXCHARG ER. montiching 
this Journal and G 356. 


[pte Engineerin Firm, 
Government controlled, ah the 
SERVICES of thoroughly experienced WORKS 
ENGINEER used to lay-out, erection, and complete 
pe eed of up-to-date works; well versed in 
and manufacturing methods 

ond A the upkeep of plant for maximum output. Per- 
manency to man. State age, experience, and 
pg No one employed on Government. 


te nee 
Nt axe ANGE mentioning this ifs Journal 








ngineer Wanted as Premium 
fa pee Boe gh vehtcal man 
e of po went ager a 


etre 3 | fully qunlintions, and « No "Re one trent 


+7 mires 


nearest YMENT BA’ 
No, A 3018. 


perience, n 
a sae y 
ye our nearest 
deming Bo, A 2002. 


records, 
No one canploye x on Government 


SXCHANGH mentioning thie Me oe es 
: G 


((ylinder Sinker.—First-cla 
BRIDGE ERECTOR WANTED ; i 


pile screwing and cylinder on G 
Pork wiki 90 mise ot homies 





fal patent 

uiars 
Page| to BRAITHWAIT 
Street, S. 


Tk kik, 117, was : 


G 4 


(ost Clark Wanted ibedigible ) 


in aircraft factory, te og 
department. Engineering ex “ _ “ 
No one employed on Governmen aes will. he 


iy, your nearest EMPLOYMEN i y 
HECHANGH. weutioning site Journal and G :: 


I Dg: joie Fitter Wanted 
Rg Engineers’ —— of Large — ton 

tory. capable chasge o 

to ieee p 

Piping and general Machinery 

iy 8 a stating wages 

experience and qualifications wit! 

copies of testimonials to** i. FP.” c/o Streets, Corn- 
B,C, 3. nly men ineligible for Military 

¥ 382 


Service e need aan 
Dj lec 
ny iat en mal of ® London 
nu g workman and having sat 
hehanns technical knowledge to take ae: of Satire 
1 Installation consisting of Motors, Cranes, 
ting and other accessories. “Good om 
able en —Apply oT letter stating w 
, age, experience a nd qualidécations wit ih 
Senter a ot testimonials to “ B.W” c/o Srreers, 
Cornhill, E.C.3. Only men ineligible for Military 
ivice need appl lye 380 








ichalan Wanted for 


ae fot 6 onl 





TECHNICAL. COST ENGINEERS. 


| BBA Several are Required in 


the Ministry of Munitions, preferably 

with experience as. Superintendents in 

Engineering, Iron and Steel Works, Foundries and 
other Metal Works, 


Applicants must not be under 31 years of age 
and should write in thé ‘first instance detailing 
nature of experience, addressing 


D.F.A,, Room 467, 
Hotel Metropole, G3 
London, 8,W. 


anted, Thoroughly Experi- i- 

enced ENGINERR, to take Charge of vertical 
marine oil engine dept.— Address, giving ful! 
particulars, to G 349, Uffices of { BNGINERRIXG. 


A ssistant Electrical En- 
GINEERS REQUIRBD, to work @hour 
shifts and take cha electrica’ 


ment in important 
ince ee 


e of com: 


should state 





wer Plant Engineer.— 
ENGINEBR REQUIRED to on charge 
‘under Chief Engineer of Steam, Gas_and Power 
Plantin large —— hand-stoked Applicants must 
have boilers, and shonld 
Permauency. 
ired. No oue 
without 


Present employer's consent. —Address, 374, Offices 
of ENGINEERING. 





Bg Surveyor’s Draughts- 
MAN REQUIRED, for a few weeks to get 
ins, —— uantities and estimates in con- 
m with enue ied : oy 
Segre essentia now e of subject 

Seals ith mot necessary. If resident more than 
10 pods from London or on Government 

works please do not apply .—. , G 370, Offices 
ENGINZERING. 


wo or ~Three~ Detailing 
pe ah age ce for controlled Guewrus.- 
tional Kugineer’s Office.. Architectura! 
or genera caaipoatiiin experience will be con 


sidered. State a and forwar 
voiaieness. Must be ineli bis Tor mathiee = gi 
w 


No person already on Government wor! 
~ | engaged — A domsp your nearest eePLOTuE 
CHANG 


» mentioning A 3024. G3 
Gteel Foundr 








— Working 


Drawings or Services of Qualified Enginc<: 
Wanted for the construction of 8-ton Siemens ope 

hearth Steet aeee ES o_o ers and eq!!! 
ment in accordance with the latest, most appro\ «° 
practice. Apply stating Laon gad gr’ —. N 
one, alreafiy on Government Wi aN: 
Apply your Pasarent EMPLOYMENT sxchas 
= mentioning No. A 3043. 


reman, to Boss Re ialgiigoa 


and he responsible for all mpchinery fs 
works near Glasgo' A roumd bnowled geo 





very full 
capected, jn in cosfidense, Bo one siresay 


Playa aa ka eee ea 
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awash . ; . 




















ae 
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ON CAVITATION: A STUDY OF THE | 


SCREW-PROPELLER. 
By C. H. Hotsrt. 


Tue following notes are the result of a study of 
the data obtained from the progressive trials of a 
certain torpedo-boat destroyer, this being one of a 
number of similar studies, made with the special view 
of obtaining more detailed information about the 
questions relating to the action of ships’ screws. 
In the accompanying diagram, Fig. 1. the black dots 
shown on the dotted horizontal lines indicate the 
data which were obtained from the trial results, and 
curves are drawn through these black dots to find the 
intermediate values, as is usually done in practice. 

The curve AA indicates the velocity of the 


with the general assumptions. But instead of going 
on at the same ratio, in comparing 7 with 14 revolu- 
| tions, we shall find, from the trial data, 630 shaft 
| horse-power at 7, against only 4,600 shaft horse- 
| power at the higher number of revolutions, and thus 
|the curve of total horse-power, in showing the 
| tendency to become a tangent to the broken straight 
| line drawn from B to the zero point, indicates that 
the maximum power of engines per revolution is 
being reached. 

There can be no doubt that this change in the 
direction of curve B, as well as of curve D, must 
take place. When, and as soon as, the maximum 
|of steam pressure is reached in the cylinders of a 
| reciprocating engine, or the maximum of impulse 
|in a steam turbine, the power per revolution cannot 


vessel expressed in metres per second. That marked | be increased, any subsequent increase in power can 
B BB indicates the corresponding number of shaft | only follow from an increased number of revolutions 
horse-power delivered to each of the vessel’s pro- | per second, and this increase is only proportionate 
pellers, while the straight line C indicates the | to the “first power” of the changing number of 


value of “‘ pitch” per second, expressed in metres, | 


this value being obtained by multiplying the 
“pitch ” of the propeller by the number of revolu- 
tions per second, corresponding to either “ velocity 
of ship ” or “‘ shaft horse-power ” shown in the two 
first curves. Dividing the total number of shaft 
horse-power by each separate number of revolutions 
per second, a new curve D D is easily set out, repre- 

Shaft Horse Power per Rev. 

50 100 150 200 250 300 400 


Sec. 


Revs Per 


200 400 600 800 1000 
(4999) 


senting graphically the number of shaft horse-power 


published trial results. 

An examination of these curves leads to some 
conclusions which, according to my views, throw 
considerable light on certain questions concerning 
propeller action, and it is this examination and its 
consequences to which I desire to call attention. 

To begin with the curve A. Up to fully 9 revolu- 
tions per second the curve is a nearly straight line, 
diverging from the straight line C, in a nearly constant 
proportion, and indicating that the ratio between 
“pitch per second ” and ship’s velocity per second 
remains nearly constant up to that limit—in other 
words, it indicates a nearly constant percentage of 
“slip.” But at an increasing number of revolu- 
tions per second the curve A plainly indicates an 
abnormal augmentation of this “slip” percentage 
until, between 13 and 14 revolutions per second, 
the curve, having changed nearly into the vertical 
direction, points to such a slow increase in velocity, 
when compared with the continuously increasing 
line of values for “‘ pitch per second,” that the con- 
clusion is evident that, however the number of 
revolutions may increase, the velocity of the vessel 
will not increase at all, or very insignificantly only. 

¢ ing curve B B in its lower part, we shall 
see that the values for shaft horse-power origin- 
ally increase at a ratio of nearly the cube of the 
number of revolutions; for instance,+420 shaft 
horse-power at 6 revolutions and 3,400 shaft horse- 
power at 12 revolutions, 250 shaft horse-power at 
5 revolutions and 2,000 shaft horse-power at 10 
revolutions, an increase which corresponds fairly 


2000 2000 
Shaft Horse Power 


revolutions instead of to the cube. 
The propeller, however, as shown by curves 
| A and C, is acting under quite different conditions. 
At every increase in number of revolutions its 
“pitch per second” increases in direct propor- 
| tion, and that fraction of “‘ pitch per second ” which 
| represents the velocity of the ship ceases to increase, 
or increases only very slowly. 


See. 
4000 5000 


But, then, that part of “‘ pitch per second” which 
required per revolution per second of the propeller. |is termed “slip” increases enormously, and as 
This curve is thus in true accordance with the | “slip,” according to the author’s views, must’ be a 


|measure of, or bear a certain proportion to, “ the 
| pressure exerted by the propeller to drive the ship 
|ahead,” this “ pressure ’” must also increase enor- 
| mously with the increasing slip. 

| Perhaps it will be necessary to explain this more 
fully before going further. The power of any engine 
is to be expressed in the product of so many tons of 
| pressure of any kind, exerted over so many metres 
per second, resulting in so many metre-tons, equiva- 
lent to so many horse-power, 1 horse-power being 
equal to 0.075 metre-ton or to 75 metre-kilogrammes 
per second. 

The same units must be used when dealing with 
power-absorbing instruments, such as ship’s pro- 
pellers for instance, and thus the work required 
| to drive a propeller, and by means of that propeller 
|to drive a ship, may be and must be expressed 
in so many tons of pressure exerted over so many 
metres, this latter value being the distance covered 
by the ship in one second. 

Other studies on this same subject have enabled 
the author to determine accurately the amount of 
this pressure under various conditions, but it is 
evident that this pressure in question can never 
have a greater value than that found by dividing 
the number of metre tons corresponding to engine 
| power by the number of metres of ship’s velocity 
|per second. It has been stated that on “nearing 
| cavitation” a screw propeller attains a maximum 
of effect—and from this statement we may conclude 
| that in this present example the maximum to be 
expected may be approximated as follows :— 


Maximum shaft horse power 
per revolution to be ob- 
tained from engines 

Equal to 330 by 0.075 

At 14 revolutions per second, 
25 by 14 ... ene ove 

Maximum speed of ship per 
second oo eee “ 

Thus maximum pressure to be 
expected, 350 + 15.4m. per 
second ove ove avs 


330 s.h.p. 
25 m.-tons, 
350 


15.40 m. 


22.70 tons. 
but also : 


25 m. tons at 15 revolutions 
per second will give . 
Maximum speed of ship re 
maining... eee «s 
Thus maximum pressure to be 
expected, 375 + 15.4 m. per 
second ove eee _ 
And at 16 revolutions per 
second, according to same 
reasoning ... oes ‘ 
And maximum pressure to be 
expected, 400 + 15.4 


375 m.-tons. 


15.40 m. 
24.30 tons. 


400 m.-tons. 
26 tons. 


From the above we may conclude that the engine 
power, as increasing with the number of revolutions, 
is being absorbed by causing a “slip” producing 
“ pressures per unit” of an increasing magnitude, 
and, further, that “if such increasing pressures per 
unit do not produce a greater speed of the ship, the 
number of units on which this pressure acts must 
decrease proportionately,” so that a nearly constant 
value of “ total pressure ” is obtained, always equal 
in certain proportion to the resistance of the ship. 

This condition can only be fulfilled when the 
active blade surface of the propeller is gradually 
diminishing—as it will be—by a gradually diminishing 
annular surface of the propeller, caused by want of 
engine power to drive the water, at the correspond- 
ing speed, through the original annular space. This 
original annular space is the “disc area” of pro- 
peller minus area of boss, The author’s assumption 
is that the action of the propeller, when nearing the 
limit of “‘ cavitation,” is such as to automatically 
increase the diameter of this inner ring until, the 
diameter of outer and inner ring becoming equal, 
there remains no blade surface to act upon, however 
high the pressure per unit of surface has been just 
before, when that pressure, acting only on the outer 
tips of the blades, was as yet equal to what would 
have been a normal pressure on the full original 
surface of the blades. 

Some evidences in favour of the views explained 
above may here follow. Supposing the same vessel 
had been fitted with engines capable of developing 
the same value of shaft horse-power at 12 revolutions 
per second as the original engines at 15 revolutions 
per second, then the line Bl zero would show the 
maximum of power to be obtained at any number 
of revolutions. 

The same ship, requiring the same power to go 
the same speed, would then go 15.2 metres per 
second at 10.15 revolutions of engines, as shown 
graphically by Al, and the curve Di shows the 
increased values of shaft horse-power per revolution 
of the heavier type of engine. 

Naturally this engine would require a propeller of 
different pitch, were it only to secure a “ pitch per 
second ” which, apart from any fixed or arbitrary 
percentage of ‘‘slip,” must at least be something 
in excess of the vessel’s speed. The straight line 
Cl gives the “‘ pitch” per second for a propeller 
with a “slip” equal to that of the former screw in 
its lower numbers of revolutions, the horizontal dis- 
tances between A and C being the same as between 
Al and Cl. 

A propeller of that ‘‘ pitch per second ” will con- 
tinue to work, under the assumed conditions of engine 
power and speed, at 10.15 revolutions per second, 
“without any reduction of its original blade area,” 
whereas calculations, based on the principles ex- 
plained above, have shown that the particular pro- 
peller here described only worked at the diminish- 
ing areas shown in Table I, subjoined, 1.35 sq. m. 
being the original value :— 


Tasie I. 


At 6 revolutions, 1.35 sq. m. : 

Pressure per unit 2.97 tons 

4.02 tons by 7.60 m. speed 

30.5 m.-tons being equal to 
Or 68 s.h.p. per revolution. 


At 8 revolutions, 1.35 sq. m. : 
Pressure per unit 5.240 ton 





7.33 tons. 
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y ~ Tawre I.—continued. 

7.33 tons by 10.10 m. pe 
second ... ane ove 74 m.-tons, 

74 m.-tons being equal to 990 s.h.p. 

Or 124 s.h.p. per revolution. 

At 10 revolutions, 1.35 sq. m. : 
Pressure per unit 8.880 tons 
12 tons by 12.60 m. per 

second ... ove oes 151 m.-tons. 
151 m.-tons. being equal to 2,010 s.h.p. 
Or 201 s.h.p. per revolution. 
At 11 revolutions, 1.24 sq. m. : 
Pressure per unit 12.10 


12 tons. 


tons by 1.24 __... eee 15 tons. 
15 tons by 13.65 m. per 

second ... eae ove 205 m.-tons. 
205 m.-tons being equal to 2,680 s.h.p. 


Or 244 s.h.p. per revolution. 
At 12 revolutions, 1.04 sq. m. : 
Pressure per unit 17.100 


tons by 1.04 ° 17.800 tons. 
17.8 tons by 14.52 m. pe 

second ... ote ose 257 m.-tons. 
257 m.-tons being equal to 3,432 s.h.p. 


Or 286 s.h.p. per revolution. 


At 13 revolutions, 0.70 sq. m. : 
Pressure per unit 29.700 


tons by 0.70... i 20.7 tons. 
20.7 tons by 15.2 m. pe 

second ... ose see 315.5 m.-tons. 
315.5 m.-tons being equal to 4,200 s.h.p. 


Or 322 s.h.p. per revolution. 
At 14 revolutions, 0.465 sq. m. : 
Pressure per unit 48.5 tons 


by 0.465... ive ace 22.4 tons. 
22.4 tons by 15.4 m. per 

second ... eee eee 345 m.-tons. 
345 m.-tons being equal to 4,600 s.h.p. 


Or 328 s.h.p. per revolution. 


At 15 revolutions, 0.298 sq. m. : 
Pressure per unit 81.5 tons 


by 0.298... ove oes 24.2 tons. 
24.2 tons by 15.4 m. per 

second ... ove eee 372 m.-tons., 
372 m.-tons being equal to 4,960 s.h.p. 


Or 330 s.h.p. per revolution. 


Thus we find that the original blade surface of 
1.35 sq. m. has been gradually reduced to 0.298 
sq. m. when running at 15 revolutions per second, 
which means, for the screw propeller chosen here 
as an example, that with the outer diameter of 1.60 
metres the inner diameter of the annular space has 
increased from that of the boss or 0.40 metre to 1.38 
metres, thus leaving as active part of the blades 
only a width of 0.11 metres from the outer tips. 

This changing of conditions must explain, accord - 
ing to the author’s views, the cause of ‘“‘cavitation,” 
as at a still greater number of revolutions these 
last 11 centimetres will also become inactive and 
“cavitation ” must take place. 

What then happens about the propeller will be, as 
the author is led to believe, not the entering of air 
into the sphere of propeller action, but the flow of 
a stream of water through the propeller at such a 
velocity that, “‘ being equal to the velocity of the 
propeller,’’ no pressure can be obtained by the differ- 
ence, which has produced the effect up to this 
critical point. Very likely the next moment to that 
in which “cavitation” begins the water surround- 
ing the propeller will be “‘ churned,” as it were, by 
the propeller blades, and this “churning” will 
necessarily cause a mixture of water and air, as is 
to be observed in all cases where propellers are being 
driven at speeds not corresponding with the ship’s 
velocity, ¢.e., when a ship is trying her engines while 
moored to a quay, or when the engines are going 
astern while the ship is still making headway. 

This gradual widening of the boss of a propeller 
into an annular surface inside the screw disc is met 
with in a great many cases of propellers which the 
author has been able to examine, and the example 
given in the preceding lines does not stand alone 
in its kind. It was chosen simply because, by deal- 
ing with a full set of data of a “* progressive trial ” 
for this given propeller, the process described may 
be followed, as it were, step by step. 

Other propellers give similar indications of work- 
ing with a reduced blade area quite independent 
from the values of their respective diameters, or 
surfaces, or pitches, or from the total amount of 
horse-power transmitted, but they all invariably 
show the same symptoms from the moment the 
number of horse-power per revolution becomes 
insufficient to throw the water backwards through 
the full area of propeller disc area less boss area. 

It may be interesting to give some more 
ticulars about the propellers above referred to. The 


one which was discussed first had the following 
leading dimensions :— 


Diameter, 1.60 m.; pitch, 1.48 m. Three 
blades. 
Developed area in total 1.35 sq, m. 
Shaft horse-power transmitted 
at 13 revolutions per second 4.200 h.p. 


Another example was furnished by the following : 


Diameter, 2.35 m.; pitch, 2.08 m. Three 
blades. 
Developed area in total ° 3.05 sq. m. 
Shaft horse-power transmitted 
at 9.35 revolutions per 
second - ooo ess 9.320 h.p. 
Shaft horse-power per revo- 
lution per second ... ove 1,060 h.p. 


The velocity of the ship in this case was equal to 
15.20 m. per second, as in the first case considered. 
The maximum pressure to be given by this screw is 
thus found as follows :— 

9.321 shaft horse-power 

ualto ... vos me 
700 m.-tons divided by ship’s 
velocity = 700 + 15.2, gives 


is 


700 m.-tons. 


pressure... eee ox 46 tons. 
Pitch per second 2.08 by 9.35 

revolutions per second 19.45 m. 
The ship’s velocity was 

equalto ... 15.20 m. 


Leaving for value of “slip me 


4.25 m. per sec, 
Producing a pressure per 


square metre... ... ose 33 tons, 
And requiring a blade area of 1.385 sq. m. 
To produce a total pressure of 46 tons. 


The original area thus being reduced from 3.05 
to 1.385 sq. m., being 48} per cent. of the original 
and corresponding to an annular surface of 2.35 m. 
outside and 1.276 m. inside diameter. 
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the particulars of the propellers are as follow :— 


Diameter, 1.28 m.; pitch, 1.14 m. Three 
blades. 


referred to, but may be evaluated at about 
0.60 sq. m. 


Shaft horse-power transmitted 
at 17.65 revolutions per 


second oe o on 3,006 s.h.p. 
Shaft horse-power per revo- 

lution per second ... ove 170 h.p. 
The velocity of the vessel 

being in this case ... 15 m. per sec. 


The maximum pressure may be computed as 
follows :— 
3,006 shaft horse-power is 


equal to... eee +» 225 m.-tons. 
And 225 m.-tons divided by 

15m. ... ons $oe 15 tons. 
Pitch per second, 1.14 m. 

Xx 17.65 revolutions - 20.12 m. 
Leaving for value of “‘ slip ”’ 

20.12 — 15 eos ove 5.12 m. 
Producing a pressure per 

square metre of «. 48 tons. 
And requiring a blade area 

of onl “se eve «+» 0.313 sq. m. 
To produce the available 

maximum of 15 tons. 


If the original evaluation of 0.60 sq, m. has been 
correct this original area is reduced by nearly 50 
per cent., the dise area being in this case reduced 
to an annular area having an outer diameter of 
1.22 m. and an inner diameter of 0.85 m. 

Perhaps still more remarkable evidence is found 
by analysing the communication of Captain Dyson, 
of the United States Navy, which was published in 
Shipbuilding and Shipping Record of March 9, 1916, 
where two three-bladed propellers are described, 
having very slight differences in dimensions, and 
producing widely different numbers of revolutions 
when transmitting the same power, and driving two 
exactly similar ships at the same speed. 

The propellers are illustrated in Fig. 2 subjoined 
and the chief data are given in Table II. From 
these data we find the results given in Table III, 
corresponding in both cases with the reduction of 
active blade area. 


Taste II. 
Propeller Propeller 
No. 1. No. 2. 
Diameter 2.32 m. 2.35 m. 
Pitch... ‘ 1.98 m. 2.03 m. 
Number of blades ate 3 3 
Developed surface .-» 2.58 sq.m. 2.62 sq.m. 
Revs. per minute -+ 611 or 564 or 9.4 
10.183 per sec. 
per sec. 





Another example is furnished by the propellers | 
of the Spanish destroyer Bustamente, described in | 


The developed area is not given in the article | 


Tasre IIl—continued. 


Propeller Propeller 
No. 1. No. 2. 
Shaft h.p. transmitted... 8,000 8,000 
| Shaft h.p. per revolutio 
rsecond ... pee 785 850 
Velocity of ship ... 15 m. per 15 m. per 
sec. sec. 
Taste III. 
Propeller Propeller 
No. l. No. 2. 


8,000 shaft horse-power 
is equal to ---600 m.-tons, 600 m.-tons, 





Velocity of ship --» 15 m. per 15 m. per 
sec. sec, 
Maximum pressure . 40 tons. 40 tons. 
Pitch per second - 20.19 m. 19.08 m. 
Leaving ‘‘slip”’ per 
second eee --- 5.19 m. 4.08 m. 
Producing a pressure per 
- m. of eae .-- 49.5 tons. 30.6 tons. 
And requiring a blade 
area of ove --- 0.81 sq.m 1.3158q. m. 
To produce the total of... 40 tons 40 tons. 
The reduction of blade 
| surface thus amounts 
to (of the original) 31.25 50 
per cent per cent. 
The diameter of outer 
circle of annular space 
remains ove --- 2.32 m. 2.35 m. 
The inner diameter being 1.83 m. 1.36 m. 
PROPELLER N°! PROPELLERN?2. 
Outer Diw....... .......-. 232M OuterDia.......... 236M. 
at ene 88° ar * 736 « 
Original Surface 2-58M* Original Surface262M" 
Reduced 0-81» Reduced » 7-315 » 
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| With regard to propeller No. 1 it must be 
|Temarked that this propeller is working just at the 
| limit of cavitation, as there is no perceptible differ- 
|ence to be found at an increasing or diminishing 
number of revolutions of engines. 

| At 11 revolutions per second the same total 
| pressure of 40 tons is obtained with a “slip” per 
|second of 6.75 m., producing a pressure per sq. m. 
| of 84 tons and requiring a blade area of 0.48 sq. m. 
only, whereas the same pressure is obtained at 10 
revolutions per second with a “slip” of 3.80 m., 
producing a pressure per sq. m. of 42.4 tons, and thus 
requiring a blade area of 0.95 sq. m. to produce 40 
tons total pressure. Within this range the velocity 
of the vessel and the power of the engines remain 
absolutely the same, so that it is to be considered as 
being merely accidental whether the higher or the 
lower number of revolutions will be made. 

The examples given above of propellers working 
with a reduced area of screw-disc, and with a 
correspondingly reduced area of blades, may be 
completed with one more example, showing that 
this same symptom is met with even at low speeds 
and with very small engine power. 

From the description of Professor Peabody’s 
“ Experiments on the Froude,” a paper read before 
the meeting of the Society of Naval Architects and 
Mechanical Engineers, held at New York, Novem- 
ber 16 and 17, 1911, we may take a striking example, 
by considering the conditions under which the 
propeller, described as No. 1, was working when 
driving the model of the United States cruiser 
Manning at a speed of 7 knots an hour, and thereby 
transmitting the insignificant power of only 8.25 
shaft horse-power. This propeller had the following 
dimensions :—Diameter, 24 in., or 0.61 m.; pitch, 
26.4 in., or 0.67 m.; and a projected blade surface 
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of 61 per cent. of the disc area, equal to 0.176 sq. m. 
‘ollowing the same reasoning as before we find :— 


Number of kilogramme-metres per 


second ... oes — 620 kg.-m. 
Velocity of ship per second ; 3.6 m. 
Maximum pressure to be expected 172 kg. 
Pitch per second at 395 r.p.m. ... 4.40 m. 
Leaving a slip per second equal to 0.80 m. 
This slip producing a pressure per 

square m. equal to pee _— 2.080 kg. 
And requiring a blade surface of 

only aos one peal oes 9.083 sq. m. 
To produce the total pressure of... 172 kg. 


The developed blade surface was thus reduced to 
48 per cent. of the original projected surface, and 
this surface is found by calculation to lie between :— 


The outer diameter of the propeller 0.61 m. 
And an inner diameter of we 0.36 m. 
Corresponding with the blade 

surface of nee ies oes 0.083 sq. m. 


according to the drawing of the propeller annexed 
to the description of these experiments. 

[t will perhaps be necessary to point out that the 
values found for what is here called “ the possible 
maximum pressure,” and obtained simply by 
dividing the number of kilogramme-metres per 
second transmitted to the shaft by the ship’s 
Velocity in metres per second, is not equal, and 
cannot be equal, to the actual “thrust” produced by 
the propeller. The actual thrust, i.e., the pressure 
produced in the direction of the advance of the ship, 
and thus in the direction of the propeller shaft, 
has a value which, being always smaller than this 
4 possible maximum pressure,” depends on the 
combined influences of diameter, number of revolu- | 
‘ions and.slip in any separate case. 


For the present it has only been the author’s 
object to produce some examples of results obtained 
with his method of investigation, by means of 


calculation, and to demonstrate by the foregoing’ 


that this method gives such results as correspond 
with established facts met with in practice. 

Practice has proved, for instance, that it 
requires 8,000 shaft horse-power to turn the pro- 
pellers referred to in Oaptain Dyson’s article 
respectively at 611 and 564 r.p.m., when these; 
propellers are fittéd to similar boats, having a 
velocity of 15 m. per second, corresponding with 
that power, and practice has also proved that it 
requires 8.25 shaft horse-power to turn the propeller 
of Professor Peabody’s model boat at 395 r.p.m., 
when fitted to the model having a velocity of 3.60 m. 
per second, corresponding with that power. 

Practice, again, has proved that the propeller 
dealt with in the first part of this study required 
“so many” shaft horse-power to turn at “so many” 
revolutions, when fitted to a boat attaining subse- 
quent velocities of “‘so many” metres per second, 
and calculations “based” on other figures, or 
giving other figures as “ results,” would be worthless. 

The calculations should correspond with the 
facts with an “accuracy” of 100 per cent., as 
only if this result of accuracy is obtained can such 
calculations be accepted as being trustworthy, and 


| suitable for being used as a base for further investi- 


gations. It is this accuracy which is claimed -by 
the author of this study, and it is his object to point 
out in subsequent articles that this same method 
has been invariably adhered to when trying to 
explain whatever facts are stated in and by actual 
practice. 


241 
e foregoing article deals only with the question 
“How much power is required to turn a given 
screw-propeller under various conditions ?” Another 
and quite separate question is to be answered when 
studying “ How much power is required to drive 
a given ship by means of that propeller ?” In other 
words, there is a difference, and sometimes a very 
considerable difference, between shaft horse-power 
and effective horse-power to be taken into account. 
This fact is without any doubt also one of the facts 
proved by practice. 














SHELL-RIVETING HAMMER. 

Tue annexed illustration shows a shell-riveting 
hammer constructed by Messrs. Alldays and Onions 
Pneumatic Engineering Company, Limited, Birming- 
ham. It will seen that the hammer is one of the 
well-known pneumatic type. There is a horizontal 
cylinder, in which works a trunk piston, driven by a 
connecting rod from the crankshaft at the back of the 
machine. This piston serves to compress the air 
which is used, in the vertical cylinder in front, as the 
source of motive power. The air is controlled by a 
valve worked from a foot-lever, and the blows can be 
varied from the heaviest for which the machine is 
designed to light feathery taps, which leave a specially 
good finish. The act of putting the belt on to the fast 
pulley causes the hammer piston to rise to the top of 
its stroke, and thus to leave a clear space above the 
anvil. This latter part, which is seen on the left-hand 
side of the illustration, comprises a shell-holder, which, 
of course, is bored to fit the particular shell to be 
operated on. Different sizes of holder can be fitted to 
the machine according as it is desired to treat 3-in., 
4}-in. or 6-in. shells. The holder is carried on trunnions, 
and by means of a cam, shown at the left, it can be tilted 
to facilitate the insertion or removal of a shell. Wheh 
the shell is in place it is held securely by the clam 
shown, and at the same time a steel wedge is pla 
under the anvil to make it perfectly rigid. During 
treatment the shell holder, with the shell, is rotated 
by means of a worm and worm gear, driven by a belt 
from the end of the crankshaft. We are informed that 
the hammer will close a base-plate in a 3.3-in. high 
explosive shell in 20 seconds, including the handling, 
and a 4.5-in. shell in 30 seconds.- Apart from its use 
in closing shells the hammer is available for a large 
number of uses in connection with planishing and 
setting brass and copper sheets, and light steel sheets 
for many purposes. 








SrructuraL Desian.—Mr. C. G. D, Burdett lectured 
on Friday, February 23, before the Junior Institution of 
Engineers, on “‘ Structural Design.’’ After a few remarks 
as to theory versus practice—the pure theorist being 
liable to design elaborate and costly structures, while the 
| practical man must have some theory as a basis for his 
work—the author passed on to specific structural details, 
points to be observed and practice to be avoided, By the 
aid of the blackboard hé dealt with such details as :— 
Uniform pressure upon footings to be obtained as nearly 
as possible. The usually accepted formula for load over 
‘lintels ’’ as being equal to weight of brickwork contained 
within an equilateral triangle whose bases equal span of 
opening was discussed and shown to be open. to question. 
Disposition of rivets and gusset-plate connecting members 
of roof trusses, bridge girders, &c. Rivets,‘ he held, 
should not be. put in tension, and should always have 

lenty of metal in them before closing, to form a good, 

ull head; a short rivet allows the hydraulic rivetin, 
‘set’? to bite the plate around the rivet head, ond 
consequently weakens the plate. The practice of 
jobbing builders, or, as one member remarked, “ building 
jobbers,” of securing an }{ column by only two plain 
cleats at the web to the baseplate, was condemned. The 
proper method, the lecturer said, should be to rivet 
reinforcing plates and cleats to the flanges. An airhole 
should be drilled in the baseplate to avoid the possibility 
of air being trapped between it and the concrete footing 
when grouting in, thus preventing the load from being 
evenly distributed. Continuous ams were not in 
favour, as unknown stresses were liable, due to any settle- 
ment of individual supports. It was easier, and probably 
cheaper in the long run, to use, "% three 10-ft. lengths, 
rather than one 30-ft. length. The question. of wind 

ressure was also discussed. After the collapse of the 
Tay Bridge experiments on wind pressures were carried 
out, and as a result 56 lb. per square foot was allowed 
on structures, This was chorourts reduced to 30 Ib., 
the value now taken. In Germany 26 Ib., in the United 
States of America 20 to 25 lb., is taken. A series of 
experiments made a few years ago was cited. These’ 
were conducted on a shed with artificial wind pressure, 
and it was found that a ‘‘ pressure bolster’’ existed on the 
windward side and a ‘‘ suction bolster” on the lee side.in 
the triangular space formed by the shed side, a certain 
distance out along the ground, and the underside of the 
main air current, the air current sweeping up, over, 
and down the other side in stream-line fashion. In the 


course of the discussion one member quoted the highest. 
record of the Meteorological Office for wind pressure as 
23 Ib. per square foot, steadily sustained for 1 hour, 
| This was registered at Fleetwood. 
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INDUSTRIAL NOTES. 


Tue Minister of Munitions, in exercise of the powers 
conferred upon him by the Defence of the Realm Acts, 
the Munitions of War Acts, and all other authorising 
powers, orders as follows :—(1) All cupro-nickel scrap 
as hereinafter defined shall as from the 13th day of 
March (hereinafter called “the appointed day”’) be 
dealt with and disposed of in accordance with instruc- 
tions from time to time given by the Director of Non- 
Ferrous Rolled Metal Strip and Sheet Supply (E.M.7), 
Ministry of Munitions, Whitehall Place, London, 8.W., 
on behalf of the Minister, and not otherwise. (2) No 
person shall as from the appointed day sell, offer for 
sale, use or otherwise deal with or dispose of any cupro- 
nickel scrap, whether in pursuance of a contract exist- 
ing prior to the appointed day or not, except under 
and in accordance with the terms of a licence granted 
by the said Director on behalf of the Minister. (3) All 
persons shall, on or before the 24th day of March, 1917, 
furnish to the said Director a statement in writing 
giving particulars of all cupro-nickel scrap in their 
possession or under their control on the appointed day, 
and of all their existing contracts and orders for the 
purchase or sale of cupro-nickel scrap. (4) The term 
cupro-nickel scrap for the purpose of this Order shall 
include and mean all kinds of cupro-nickel webbing 
scrap, process scrap, and swarf and scrap, of whatsoever 
kind or nature, in the composition of which copper and 
nickel are included, or any of them. (5) The Minister 
will subsequently communicate to the owners of cupro- 
nickel scrap taken over by him the prices which he will 
be prepared to pay for the same. (6) Any person acting 
in contravention of or failing to comply with this 
Order will be guilty of an offence under the Defence of 
the Realm Regulations, and be liable to penalties of 
fine and imprisonment. 


The Federation of British Industries held its first 
meeting on the 2nd inst., at Caxton Hall, Westminster. 
Mr. F. Dudley Docker, C.B., occupied the chair, and 
stated that the membership of the Federation now 
reached a total of 269 firms and individuals and 
50 associations ; 18 applicants were awaiting election, 
making a total of 337. He referred in the course of his 
speech to the recent meetings which had been held 
between representatives of employers and of trade 
unions with a view to the distribution of labour after 
the war, and to dealing with any subsequent problem 
of unemployment or labour dislocation. He was glad 
to add that the representatives of the employers were 
members of the Federation. If the Federation, he 
proceeded, did nothing else but bring capital and labour 
together, it would be an achievement to be proud of. 
He ventured to think that the recent meetings in 
question had had a very good effect, and that the 
atmosphere of friendliness and co-operation which they 
had engendered would make subsequent negotiations 
with labour more easy and more productive. It would 
be necessary to speak plainly to labour in future, not 
to be afraid to ask what was wanted, and not to be 
afraid to give what ought to be given for fear of some- 
thing more being demanded. The welfare of the 
Empire was essentially dependent upon the existence 
of a satisfactory understanding between employers and 
employed, and he hoped the Federation would play an 
important part in promoting such an understanding. 


In the course of the discussion upon a paper on 
“*German Methods,” read by Mr. J. H. Vickery, LL.B., 
before the Royal Society of Arts, on the 7th inst., 
Mr. James Swinburne, F.R.S., said many people 
thought that the Germans were an inventive people, 
but that was not so; practically the only inventions 
which came from Germany were in organic chemistry. 
Their method of working almost precluded them from 
inventing anything. In the early eighties, for instance, 
America was very active in developing electrical plant 
and machinery; England was equally active, but was 
hindered by legislation from doing much in the way of 
manufacturing. When he (Mr. Swinburne) went over 
a particular works in Germany, about the year 1890, 
he found that they had simply taken English and 
American practices and combined them, selecting the 
best of each, and in that way they had developed a 
huge business. With regard t> Mr. Vickery’s sunation 
that some kind of partnership might be made between 
the British Government and private owners, it seemed 
to him (Mr. Swinburne) that the powers of the Govern- 
ment should always be kept down as much as possible. 
In any Government-controlled business the chief places 
were occupied by politicians and their friends. ft any 
of the members present at the meeting had had much 
to do with Government offices, they would know that 
the heads of the different Departments would never 
take any responsibility. Such things as the Post Office 
and Telephone Service might be run by the Govern- 
ment, because they would be sup to be too big 
to be managed by private individuals ; but the financial 
result of the British Government taking over the tele- 
phones was well known. He did not think that the 





combination of the Government with private owners 
would tend to sweeten the relations between capital 
and labour; the Government generally did not get on 
very well with its workers. 


The following is an abstract of an address delivered 
on the 2nd inst. by Mr. Archibald Rose, Commercial 
Attaché at Shanghai, to the Manchester Chamber of 
Commerce on the subject of trade with China, and 
taken from The London and China Telegraph :— 
Mr. Rose said he had spent eighteen years working and 
travelling in different parts of Asia, and he was firmly 
convinced that China was one of the markets which 
would best repay us for a little care and trouble in the 
difficult years of the period in which the industrial 
power of the world would be straining to repair the 
havoc of war. Dealing first with the outlook for 
increasing trade generally with China, Mr. Rose laid 
emphasis upon the importance of advertising. The one 
way to advertise with the Chinese, he said, was to let 
the consumer see the goods. Samples would do in some 
cases, on consignment in others, and in other 
cases still, travellers, or goods on deferred payment. 
Japan, America and Germany were making a ve 
strong bid for the China market. They worked hard, 
studied the special needs of their buyers, and cut their 
costs of production to the lowest possible figure. It 
should not be forgotten that the Chinese themselves 
were coming on very quickly as an industrial people. 

Mr. Rose made particular reference to the piece-goods 
trade. Cotton yarns and cotton cloth, he reminded the 
meeting, headed the list in values of our exports from 
this country. China was the second biggest market in 
the world for cotton cloth. In his opinion, she had by 
no means reached the limit of her consumption. He 
was convinced that China could take a great deal more 
of our cotton products, that she would like to have 
them, and could pay for them. But in order to induce 
her to do this conditions would have to change in some 
way. We were faced with two problems—new competi- 
tion and changing conditions in the country itself. 
There were, Mr. Rose thought, only two remedies— 
cheaper production in Lancashire and better distribu- 
tion in China, mainly with the object of stimulating 
demand. 

As for the conditions of production, he summarised 
the position of competitors by saying that England 
could produce for a penny about 7} lb. of cotton yarn, 
Japan 11 lb., and China 12 lb. The advantages in the 
latter cases did not lie entirely in cheap labour, but 
rather in the fact that both in Japan and China they 
had been able to produce a cloth which was just good 
enough to suit the consumer and just cheap enough 
to compete successfully with a dearer cloth from 
Lancashire. A remedy for the increasing trade rivalry, 
one that would enable us to hold our own against com- 
— which had been approached in a scientific way 

y America and Japan, seemed to him to be a commis- 
sion, not too large, appointed by co-operation between 
the master and operative spinners and weavers, the Far- 
Eastern shippers, the merchants and trade union 
representatives. The Commission would visit China 
and Japan for the express purpose of examining the 
products of local mills, the class of cotton used, and 
the cotton cloths which were selling best. Such a body 
of men might possibly decide that it was essential for 
employers to use and for operatives to work a certain 
quantity of cotton of inferior staple to that now 
employed. The proper handling of the China trade was 
of vital interest both to capital and labour in Lanca- 
shire. One thing he believed China couid teach us all, 
as the result of her centuries of experience. She had 
her guilds and her trade unions, but they were com- 
binations of employers with their employees, not of the 
one against the other. The Chinese had learnt, and 
they might help to teach us, the possibility and value 
of real co-operation. On the troubled question of the 
distribution of piece-goods in China Mr. Rose attri- 
buted the real advantage of non-British competing 
firms, especially German, to the fact that they had 
China houses, with their headquarters in China, with 
responsible partners on the spot who could take prompt 
decisions and accommodate themselves quickly to any 
new development. In conclusion, Mr. Rose said :— 
“A closer co-operation between the producer, the 
exporter, and the official is perhaps the thing which 
could help most of all to extend our national trade in 
China.” 


We read in 7'he Birmingham Daily Post that with the 
view of stimulating the interest of the men in their 
work, and at the same time of increasing the output, 
a scheme has been inaugurated under which it is pro- 
posed to offer inducements to operatives in the iron 
trade to make practical suggestions for the improve- 
ment of the present methods of puddling. The matter 
was first raised by the Board of Education, and it has 
been on to a committee of the British Iron- 
masters’ Association, and sub-committees have been 
appointed in various parts of the country for giving 





effect to the scheme. The members of the local com- 
mittee are Colonel Trinham (Messrs. Hingley and Sons, 
Wetherton) and Mr. J. Bruce Harding (Messrs. Robert 
Heath and Sons, Stoke-on-Trent), and they have 
issued notices for posting in the local iron works calling 
attention to the scheme. 

The work of the puddler is practically the same 
to-day as it was when most of the present generation 
were introduced to it, and it is hoped that the result 
of the scheme will be to bring out some suggestions for 
its improvement. So far, however, the response has 
been poor. Though able to supply a graphic verbal 
description of their views on the puddling process, the 
nature of their calling does not fit the men to make a 

t success of essay-writing, but all these facts will 
taken into consideration by the experts who will 
deal with the papers. 

The aim referred to in the Birmingham journal, 
i.e., “the improvement of the present methods of 
puddling,” is rather vague. Strictly speaking, an 
improvement of methods would seem to be in the 
page of metallurgists and mechanical engineers. 

f the aim in view is an improvement in the quality 
of puddled iron, it is easy to surmise that the puddler 
may simply suggest that he should have a ‘better grade 
of pig-iron than the one generally supplied to him. A 
Continental works which abandoned the manufacture 
of puddled iron many years ago, used to pay their 
puddlers by quantity and also by quality on the basis 
of the fracture of the puddle bar; it, however, 
frequently occurred that the puddler took, by mistake, 
or otherwise, some pig-iron from the wrong heap, an 
eventuality which the management had to guard 
against and for which they had provided penalties. 


The report of the Victorian Railways Commissioners 
for the year ended June 30, 1916, dated Melbourne, 
September 16, shows a deficit of 337,952. 3s. 3d. 

The report states that since July 1, 1915, the mini- 
mum remuneration for adult labourers has been raised 
to 8s. 6d. per day by the grant of an allowance of 6d., 
or in some cases ls. per day, consequent upon the high 
cost of living arising from war conditions. Other 
concessions granted to the staff since 1905-6 amounted 
in 1915-16 to no less than 752,9781., of which 135,5361. 
was chargeable to capital and 617,442]. to working 
expenses. In other words, if the railways had been 
operated in 1915-16 under the same conditions as 
regards pay and conditions of employment as in 
1905-6, the working expenses would have been less 
than was actually the case by 617,442]. The increase 
in the cost of labour, as well as in the price of materials 
generally, had not been confined to the railways, but 
was common to practically all trade activities, and the 
Commissioners felt they could not too strongly stress 
the point that such increases in outside businesses had 
invariably been followed by at least an equivalent 
increase in the price of the different classes of goods, 
and that the higher wages bill had accordingly been 
borne by the consumer ; whilst in the Railway Depart- 
ment, despite increased wages and improved conditions 
of employment, which had affected the working 
expenses to the extent of 617,442/., the freights and 
fares had actually been decreased by 210,0001. in the 
same period. 


Speaking before the Economic Science Section of 
the Royal Philosophical Society of Glasgow, on the 
7th inst., Colonel R. D. M‘Ewan dealt with the question 
of demobilisation. He pointed out that the Army 
system of disbandment by units would be unsuitable, 
and said that the replacing of millions of men in 
productive employment must be largely guided by 
civilians. The key to the scheme would be a census 
or register of all men on service. On our present 
planning depended the future of generations of our 
people. The nation had, when peace came, not only 
to disperse the armies, but to reorganise our labour 
power so that every man and woman would be engaged 
in productive and profitable industry. The real 
scheme must be for remobilisation ; not the disband- 
ment of armies, but a resumption with the least possible 
loss of time of industrial mobilisation. The section 
whose work could stop earliest was munitions, and no 
branch of the demobilisation scheme required so much 
forethought. The abnormal wages of the munition 
worker and the need for absolutely sudden cessation of 
production raised the most serious dilemma. A strong 
committee, representative of the Government, em- 
ployers and labour, should be at work now, studying 
how the munition works were to be converted for peace 
industry. Agriculture, said Colonel M‘Ewan, would 
surely absorb many men who formerly were in industrial 
life, for we had now to utilise scientifically every 
available acre of our own land for the production at 
home of our food. It was obvious that aviation would 
be a practical means of locomotion in the future ; 
the skilful and enterprising young men who had s° 
distinguished themselves at the Front would certainly 
be pioneers in this direction. 








Marcu 16, 1917. ] 


ENGINEERING. 


243 





THE OPTICAL SOCIETY. 


A MEETING of the Optical Society was held on Thurs- 
day, March 8, at Burlington House. The following were 
elected members of the society:—Mr. Maurice Blood, 
M.A., Mr. E. B. Knobel, F.R.A.S., Mr. J. H. Leech, Mr. 
A. 8. Newman, Mr. E. H. Smart, and Mr. A. E. Conrady, 
¥.R.A.S. Three communications were considered. Mr. 
Cc. L. a chief assistant of the technical optics 
department, Northampton Polytechnic Institute, ex- 
plained “‘A Simple Method of Determining the Size of the 
Tool required for a given Block of Lenses.” When a new 
system of lenses has to be worked it is desirable to select 
the best method of blocking and to make the diameter 
of the tool equal to the diameter of the complete block. 
The size of the tool may be determined by calculation 
or by previous experience, but the author described how 
this may also be done by making use of any concave tool 
of known radius. 

Then followed a paper on “A Variable Angle Colli- 
mator,” by Mr. T. F. Connolly, M.Sc. The instrument 
described differs from an ordinary collimator in having 
a bi-prism introduced between the diaphragm and the 
object glass. The effect of this is to produce two separate 
images of the central wire, which images are collimated 
by the object glass as though they were real wires. The 
bi-prism is mounted in, a short tube sliding within the 
collimator body, and its position is indicated on the out- 
side of the collimator on a longitudinal scale. A movement 
of the bi-prism varies the distance between the images 
as it slides along, and this variable separation of the 
collimated images provides a convenient means for 
angular measurement. If the scale is graduated to 
correspond with angular separation it can be used as a 
standard of angular measurement for such purposes as 
marking off or checking stadia intervals on levels or 
theodolites or for checking the graticules in prism 
binoculars. If a lens or any optical system forming a 
real image is introduced into the parallel rays emerging 
from the collimator, images of the wire are formed; by 
sliding the bi-prism their distance apart may be made 
to coincide with two pointers in an observing eyepiece. 
The position of the bi-prism is a function of the true focal 
length or true diopters, and the scale may be calibrated 
to show these. With the experimental instrument 
results consistent within 0.1 D (one-tenth diopter) 
have been obtained with powers varying from 2D to 10D. 
a however, is long enough to allow calibration up 
to . 

This was followed by a paper by Mr. P. F. Everitt, 
B.Sc., on “The Design and Testing of Telescope Ob- 
jectives,” in which the author first describes the four 
principal aberrations of the telescope objective, pro- 
ceeding from them to others of less importance, and 
finally reducing the problem to the fulfilment of three 
or more of six conditions which it is desirable to satisfy. 
After referring to the existing tables of approximate 
solutions, trigonometrical formule are given by means 
of which selected rays are accurately traced through an 
objective, and the aberration is shown numerically in an 
example in which the chromatic aberration of an objective 
is altered at will. A short description of the main types 
of objectives is given, showing the purposes for which 
they are best adapted and also some methods of testing, 
including the Hartmann system. In the conclusion the 
author states that he had only been able to give a brief 
outline of the subject, owing to considerations of time and 
space and expresses the hope that it may induce others 


to take a greater interest in the mathematical side of the 
problem. 





“Detra’’ as A Trape Name.—A motion in behalf 
of the Delta Metal Company, Limited, of London and 
Birmingham, against Carl Meier-Mattes and Ulrich 
Bretscher, trading as C. Meier-Mattes and Co., manu- 
facturers’ agents, of London, came before Mr. Justice 
Sargant in the Chancery Division on March 9. The 
plaintiffs asked for an injunction ‘‘to restrain the 
defendants, their servants and agents, from in any 
manner representing or acting so as to be calculated to 
lead to the belief that they were the agents for, or other- 
wise connected with, or conducting the business of, the 
plaintiffs, whether by misstating the name of any 
foreign company for whom they act, or otherwise. 
Mr. Sebastian, who appeared for the plaintiffs, said that 
the parties had agreed to make an end of the matter and 
to take an order on terms arranged. The plaintiffs were 
a company who carried on an extensive business in metal 
goods in this country and abroad. The name “ Delta” 

ad been registered as their trade-mark for a long time, 
and their goods were known as ‘‘ Delta’? goods. There 
was a company incorporated in Switzerland which a year 
or two ago changed its name from ‘“ Schraubenfabrik 
Solothurn A.G.” into “‘ Delta Company, Schweizerische 
Prazisionsschrauben-fabrik und Facondrenerei.”’ The 
tact came to the plaintiffs’ notice last year through the 
defendants issuing an announcement that they were 
the agents for the Swiss ‘‘ Delta’ Company. The 
plaintiffs had brought the action in order to restrain 
the defendants from using anything but the full name of 
the Swiss ee oye ont upon that basis terms had 
been agreed. he plaintiffs had evidence that mistakes 
had been made, owing to the similarity of names, even 
by Government Departments. The defendants also 
agreed -to deliver up documents bearing the name the 
plaintiffs objected to, or bearing anything otherwise than 
the full name of the com any. Mr. Baker, who appeared 
for the defendants, said, that they acted in good faith 
ee. and they consented to judgment because 
they iad no desire or interest in representing that they 
were in any way connected with the plaintiffs. His 


lordship directed the consent order to be made on the 
terms arranged. 








“THE TESTING OF MACHINE TOOLS.” 
To tHe Eprror or ENGINEERING. 

Srr,—In the review of my book with the above 
title which appears in your issue of the 2nd inst. I 
notice that the reviewer, in discussing that part of the 
book in which consideration is given to questions 
relating to machine-tool speed and feed tests, states 
that formula (23) as given in the book is incorrect. 
I should like to join issue with the reviewer and say 
that the formula is quite correct, a fact that can be 
proved by means of the following analysis. 

To fix our ideas we will assume that we have to deal 
with a machine-tool headstock having one set of double 
back-gearing working in conjunction with a stepped- 
cone pulley. Let the pulley be provided with four 
steps, so that » will be 8. Then if N = the lowest 
spindle speed in revolutions per minute, and r = the 
common ratio of successive spindle speeds, we have 
that the range of spindle speeds is as foliows :— 

N, Nr, N 72 Nr’. 

From this it will be seen that the index of r for any 
speed is the number of the speed less 1. Thus, the 
fifth speed is N r4, and this is the lowest speed obtainable 
with the back-gearing out of action. Therefore, if 
R = the ratio of the back-gearing, it follows that— 

N 1 1 


Ne’ 7” 


R= ~, 
r2 
This is the formula which is given in the book. 

I shall be glad if you will kindly publish this letter 
so as to remove any false impression which may have 
been created by the review. 

Geo. W. Burtey, 
Lecturer in Engineering and Theory 
and Practice of Machine Tools. 

Department of Applied Science, St. George’s Square, 

Sheffield, March 9, 1917. 

[We regret the error made in the review of Mr. Burley’s 
book. Mr. Burley’s letter was forwarded to the author 
of the review, who writes : “I regret that I did not read 
the sense of Mr. Burley’s remarks correctly, and conse- 
quently I invented the mistake in this equation. Mr. 
Burley’s letter now makes the matter clear.” —Eb. E.] 





VULGAR VERSUS DECIMAL FRACTIONS. 
To tHE Eprror or ENGINEERING. 

Sir,—Mr. Halsey’s writing is so charming as to make 
one almost believe that the advisability of adopting the 
metric system and decimal coinage depends on our 
power of expressing some very simple vulgar fractions 
in decimals, whereas the question actually hinges on 
the relative convenience of the proposed and of the 
existing systems. 

Foremost is the educational aspect. A Swiss child 
learns all the metric weights and measures from casual 
allusions by the teacher and by reference to a wall 
diagram, which familiarises him with the fact of there 
being such things as kilometres, and metres and milli- 
metres. The thousandfold relationship of each of these 
le s to the next is learnt by him in a few moments 
and retained for life. Learning the names demands 
the same time as learning the word horizon or the name 
of any other abstract conception, but when he has 
become familiar with kilometre and millimetre he 
quickly seizes the meaning of kilogramme and milli- 
gramme. Can the same be said of our weights and 
measures, ——— in the United States of America, 
where they have two kinds of tons and two kinds of 
gallons ? 

A peculiar interest attaches, however, to Mr. Halsey’s 
letter, because it shows that our opponents are retiring 
on a second line of defence and have to assume that we, 
the decimalists, may not use vulgar fractions, but must 
confine ourselves to live (arithmetically) on decimals. 

Yet we are expected to start all our computations 
from some decimal equivalent of a vulgar fraction. He 
gives us the simple fraction } and then asks us to struggle 
with its decimal equivalent 0.1666 + ; we might as well 
ask him to juggle with 4242 +- as the equivalent of 0.3. 

In real life such things do not occur, because every 
measurement and every value is an pyre mp 
When an engineer determines on the use of a certain size 
of bolt, that size is not the exact result of a calculation. 
It is the next larger size available in his market ; and the 
available sizes will vary according as he is in a metric 
country or in an “‘inch-using’’ country. 

The old geography books illustrate this craving for 
extreme accuracy in translating an ——. 
Where Continental geographies gave the height of 
Mount Everest as 8,850 m., this was duly translated as 
29,002 ft. (vide “* British Encyclopedia). 

We find the same peculiarity in translations of scientific 
books. Where the author gives a speed as varying from 
“15 to 20 kilometres per hour,”’ it becomes “‘9} to 12} 
miles per hour.” 

Mr. Halsey gives another puzzle in the a of 
0.140625 as the decimal equivalent of } x }. ere, 
again, the decimalist is supposed to obtain his problems 
from his opponent’s measures. Let us suppose that he 
is an engineer and that his conscience will not allow him 
to use a vulgar fraction. He wishes to calculate the 
weight of some square section wire “‘} x §.” Would 
he aim at such amazing accuracy as implied ? Knowing 
that the wear of dies involves a variation of 2 per cent. 
in sectional area, he will be satisfied with 0.14, which is 
accurate to the extent of } percent. He certainly would 
not think of 0.140625, with its accuracy of 1 in 140,000. 

The basic feature, as Mr. Halsey says, of each system 
is the reduction, on the one hand, to the lowest de- 
nominator and, on the other hand, to a common 





denominator. For all arithmetical operations the latter 
is preferable, even in the case of division by 2, 4, 8 
or 16, as will be realised by anyone seeking the half 
or quarter of 481 mm. and its equivalent 1 ft. 744 in. 

Vhen it comes to comparisons, the decimals again 
have the advantage. ‘Spring’? mining shares are 
quoted one day at 233/. and the next day at 2f/. Surely 
it would tend to clearer thinking if they were quoted 
at 2.8537. and 2.8751. 

In reply to the criticism of the dollar coinage, and 
its shameless use of 2 as a proportion between coins, 
it must be confessed that a British decimal coinage will 
probably have to bear the disgrace of a 4-cent coin. 

As to the “minute and obscure’ millimetre, it, is 
alarming to think of Mr. Halsey’s opinion of the micron 
and the millimicron and all the science of colloids, which 
are becoming so important in manufacturing. 


ours tone 
pwarp C. Burton. 
Royal Societies’ Club, St. James’s-street, W 
March 13, 1917. 





IMPERIAL PREFERENCE IN TRADE. 
To THE Eprror or ENGINEERING. 

Srr,—Will “A Student of History” kindly give his 
authority for ‘‘ the sequence of events which was followed 
in Austria,” viz., the manufacturers got a home trade for 
threepenny pencils that enabled them to reduce their 
working costs and, after a time, to produce a good 
twopenny pencil ? 

“A Srupent or Porrrican Economy.” 
March 11, 1917. 





“CUTTING AND CHIPPING OF GLASS.” 
To tHe Eprror or ENGINEERING. 

Sir,—As the process of chipping glass by means of 
the contraction of a film of glue would appear to be of 
interest, it may be pointed out that there will be found 
in Spon’s ‘‘ Workshop Receipts,” vol. ii, a note on 
‘**Glass, Crystalline or Chipped,’’ from which it may be 
inferred that the process has been in commercial use at 
a recent date. 

The information given is briefly to the effect that the 
process has been considered a trade secret and brought 
to considerable perfection in the United States. It is 
carried out by sand-blasting or otherwise obscuring the 
surface of the glass, coating with glue, and drying in 
racks at a temperature of 95 to 100 deg. F. When dry, 
in, say, 10 to 20 hours, the glued surface of the glass is 
torn off, with considerable noise, and pieces of the glass 
may leap 2 or 3 in. into the air. 

If a piece of paper be applied to the coating of glue 
before it is dry, the appearance of the glass, after 
chipping, will be coarser and haye less of the appearance 
of feathers. 

Elegant effects may be obtained by repeating the 
operation (double chip), and by the use of glass coloured 
either throughout or on one surface, also by allowing 
the protective coating used to define the pattern when 
sand-blasting to remain, so keeping the glue from the 
portions which it is not desired to chip. 

The glue must be good, as if unsuitable glue is used 
the result may be unsatisfactory. 

Georce Buarr, B.Sc., A.M.Inst.C.E. 

Old Kilpatrick, March 12, 1917. 





THE WASTE OF PAPER. 
To tHe Eprror or ENGINEERING. 

S1r,—Whilst we are told that paper is scarce and men 
are urgently wanted for the Army and the services 
connected therewith, and whilst we are unable to get 
any iron and unable to keep wagons in anything like 
the ordinary condition of repair, and the Government 
are requisitioning wagons to go abroad, and the railway 
companies are declining to assist in the manner that has 
been usual to assist in repairing, there are some Govern- 
ment officials at 123, Seymour-street, London, N.W., 
who have nothing better to do than waste paper by 
sending out a Circular 8.C./11435, with directions and 
drawings, as to the alteration of brake-lever guards, 
and the grade of iron to be used in wagon couplings and 
register plate numbers and such-like, none of which can 
possibly receive any attention at the present time nor 
as long as present conditions endure. 

South Wates ENGINEER. 
March 14, 1917. 





OreninGs ror Britise Artictes IN ITALIAN MARKETS. 
—tThe British Chamber of Commerce for Italy, Genoa, 
has issued lists Nos. 30 and 31, giving brief particulars 
of possible trade connections with Italy. 


Cowrracts.—lIllustrated descriptions of the’ néw 
central station on the Niagara River, near the Niagara 
Falls, are given in Electrical World and in Power. Five 
marine-type Babcock boilers, each 11,400 sq. ft. heating 
surface, are working ; the furnaces are all double-ended, 
and have a 15-retort Erith-Riley stoker at each end. 
The stokers are worked at very easy duty, assuring the 
most economical combustion ; they are grateless, arch- 
less, and continuous cleaning. Ten more 165-retort 
Erith-Riley stokers have since been ordered, making 
20 stokers, each 24 ft. wide, on 10 double-ended boilers, 
for 120,000 kw. In another large central station the 
latest extension consists of 12 single-ended boilers, each 
13,600 sq. ft. heating surface; each has the same 
15-retort Erith-Riley stoker, one for each of the 12 large 
boilers. The Yorkshire Electric Power Company has 
just ordered two 9-retort stokers for two 30,000-lb. 


ilers. The makers are Erith’s Engineering Company, 
Limited, 70, Gracechurch-street, London. 
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STEAM TURBINES FOR LAND PURPOSES.* 


By H. L. Guy, A.M.I,Mech.E., Assoc.M.Inst.C.E., 
Manchester. 


Some four or five years have since a paper 
on this subject was brought before your notice. It is 
the intention of the author to consider some of the 
developments which have matured in the interval. The 
broad lines can be gauged by considering the difference in 
the production of the turbine department of the firm 
with which the author is associated during the period 
under review, confining attention to machines over 
200 k.w. capacity. 

The total output in kilowatts for 1915 was more than 
double that for 1910. The reasons for these changes 
in the relative importance of the various types of machines 
are readily found. It has now been established that a 
pure high-pressure turbine is more efficient than a 
combination of a reciprocating engine exhausting into a 
low-pressure or mixed-pressure turbine, with the result 
that high-pressure turbines are being installed where 
the former types were adopted a few years ago. This 
represents a distinct advance in the art of turbine 
construction, because it was still maintained at the 
earlier date, and with some justification, that the recipro- 
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* Paper read before the Manchester Association of 
Engineers, on January 27, 1917. 


Another factor which in many cases operated to ensure | 
the installation of a high-pressure rather than a mixed 
pressure or low-pressure turbine lies in the fact that | 
it is often a doubtful expedient to couple a new turbine | 
of the latter class to an obsolete or more or less worn-out | 
engine, which would in any case be scrapped long before | 
the useful life of the turbine has expired. 

There are, of course, certain types of modern piant at | 
present driven by reciprocating engines which must be | 
of the non-condensing type, such as rolling mill or 
winding engines, and until these machines are electrically 
driven there will be a suitable field for mixed-pressure 
turbines in entirely new installations. 

The significance of the absence of large back-pressure 
turbines in 1915 lies in the appearance of the reducing 
turbines in the latter year, which, by virtue of their 
greater flexibility, with very few exceptions have 
valuable advantages over the former type. 

One other characteristic of the change in the turbines 
produced in these two years is shown in the following 
table :— 











Per Cent. of Number | Average Output of 
of Machines Built. Kach Machine. 
Date. . 
3,000 r.p.m.| 1,500 r.p.m.| 3,000 r.p.m.| 1,500 r.p.m. 
ions ernie ete 
1910 46.5 19.2 | 588 | 2,800 
1915 76.0 15.2 | 1,810 | 5,300 


Fig. 2.€FFECT OF SPEED ON SIZE OF TURBO-ALTERNATORS. 
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The continuous tendency towards increased outputs | 
at high speeds exhibited by these figures is responsible | 
for many of the changes in design which have taken | 
place. The object of this development is revealed by 
the curves shown in Fig. 1, where the upper two curves 
show the steam consumption obtained for the steam 
conditions stated, with turbo-generator sets of various 
outputs at 3,000 and 1,500 r.p.m., while the lower curves 
show the variation in cost per kilowatt of turbo-generator 
sets at these two speeds. 

It will be seen that at 3,000 kw. the steam consumption 
with a 3,000-r.p.m. set is 6.15 per cent. better than at 
1,500 r.p.m., while the cost per kilowatt is 27.8 per cent. 
lower. For a 5,000 kw. set the steam consumption at 
3,000 r.p.m. is 2.67 per cent. better than at 1,500 r.p.m., 
and the cost per kilowatt 26.2 per cent. lower. The 
curves shown give safe values of the present steam 
consumption and cost ratios, but it should be remembered 
that as the number of frames available is not unlimited, 
these curves should really be stepped lines, and that as 








various values are set on steam consumption by different 





purchasers, a manufacturer may use several frames for 


| the same a which results in different steam con- 


sumption, and therefore price per kilowatt, being given. 
The relative sizes of a 5,000-kw. set at 3,000 r.p.m. and 
at 1,500 is illustrated in Fig. 2. 

The way in which increasing the output at high speeds 
reacts on design can be illustrated by considering the 
effect upon various types of blading. The output which 
can safely be obtained at a given speed and vacuum is 
limited largely by the effect upon the last row of blades. 
If the safe length of blades be fixed, the volume of steam 
which can be passed through the last row can only be 
increased, and with it the output of the machine at a 
given vacuum, by increasing the velocity of the steam 
through the blades. 

Now the kinetic energy of the steam leaving the last 
row of blades passes straight into the exhaust, and 
represents a dead loss in efficiency. This is called the 
“leaving loss,’’ and must be kept small if a reasonable 

Fig.3. | STRESSES IN LAST ROW OF 
TURBINE BLADES. 
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turbine efficiency is to be obtained. On the other hand 
if the leaving loss be reduced by increasing the blade 
length, the factor of safety in the blade must be sacrificed 
In Fig. 3 the leaving loss has been plotted for two types 
of blade fastenings, and two standard blade materials, 
against the corresponding output of the turbine, assuming 
a factor of safety in the complete blade is to be 3 on the 
elastic limit. This factor of safety has been chosen as 
reasonable, and is justified by an extensive experience. 
Suppose we fix on a leaving loss of 1} per cent. as 
being a proper value, then with nickel steel blading a 
turbine of 5,000 kw. output can be built, having a forked 
blade, or 3,000 kw. with a dovetail blade ; with phosphor 
bronze the maximum output is 2,250 kw. for a forked 
blade and 1,350 kw. for a dovetail blade. If the turbine 
having nickel steel dovetail blades is rated at 5,000 kw., 
the leaving loss, and therefore the steam consumption, 
will be 2.7 per cent. greater than with forked blades 
having the same factor of safety of 3 on the elastic limit. 
The curve also shows that phosphor bronze is inad- 
missible for outputs greater than 3,000 kw., even when 
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Fig.6. 
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forked blades are used. For mixed-pressure and low- 
pressure turbines the output given should be reduced 
by one-half. For vacua other than 28 in. the leaving 
‘OSS varies as the square of the specific volume of the 
steam leaving the last row, so that the output for a given 


‘caving loss approximately varies inversely as the square | 


of the absolute pressure. The output which can be 
obtained with a given factor of safety and leaving loss 
v aries directly as the strength of the material used for the 
blades, afd is independent of their mean diameter. 
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The same results are exhibited in another way in the 

lower half of Fig. 3, which shows that with a poring loss 
of 14 per cent. the factor of safety on the elastic limit 
| will be 4.5 for nickel steel forked blades, or 1.2 for bronze 
| dovetail blades. 
The present position of high-pressure turbines can 
;perhaps be most readily appreciated by considering 
certain typical installations. Fig. 4 shows the lay-out 
of a typical industrial power station. The plant in the 
first instance consisted of the following :— 





Turbine.—2,000-kw., 3,000-r.p.m., British Westing- 
house Rateau impulse type. 

Steam Conditions.—160 lb. per square inch gauge, 
160 deg. F. superheat, 28 in. vacuum. 

Generator.—Fifty-cycle, three-phase, 6,600 volts. 

Condensing Plant.—Le Blanc multiple-jet type, to 
condense 28,700 lb. of steam per hour when supplied 
with 2,200 gallons per minute of water at 75 deg. F., 
pumps engine-driven. 

Cooling Tower.—Balcke type, reduced 143,000 gallons 
water per hour from 98 deg. F. to 75 deg. F., with air 
temperature of 60 deg. F., humidity 75 per cent., area at 
base of tower 2,220 sq. ft., height of tower, 80 ft. 

Boiler.—Stirling type, 33,000 Ib. = hour capacity, 
8,900 sq. ft. heating surface, drop-link stokers, 96 sq. ft. 
grate area, no economiser, 

Feed Hec.ter.—Holden and Brook type, into which the 
condenser pump engine and Weir f pumps exhaust. 

Sections through the turbine are shown at Figs. 5 
and 6. The rotor consists of a two-row velocit wheel, 
followed by seven Rateau wheels, the first blade being 
}% in. high, and the last 6 in. These wheels rotate in 
the cells, into which the cylinder is divided by the 
diaphragms. In the first set of nozzles the steam is 
admitted over part of the total circumference only. 
The are of admission is increased in the first two 
diaphragms, while the steam is admitted around the 
whole circumference of the last five diaphragms. A 
thrust block is provided to preserve the relative position 
of the rotor and stator. The blading is milled from the 
solid, that on the velocity wheel being attached by 
T roots, while that on the Rateau stages is attached bya 
forked root, each blade being retained by two rivets. 
The clearances at the blades are not less than } in. 
axially, or } in a 

Six months after the plant was first started up a 
24-hour test was made under ordinary working con- 
ditions, the plant being worked by the station staff, the 
turbine taking the works load, which was of the variable 
nature usual in a heavy steel works. The variable 
nature of the steam conditions and the load is shown in 
Fig. 7, page 248. The following results were obtained :— 


Summary or REsvutts. 
Date of Test, March 15 and 16, 1916. Duration of Test, 
24 


: hours. 
Boiler -house— 
Total weight of coal burnt 76,776 lb. 
- » osh ... soe e. 3,304 Ib. 
° » ash, divided total 
weight of coal 4.3 per cent. 
Average calorific value of coal (lower 
value) “a in -» 13,724 B.T.U. 
r lb. 
* moisture in coal 2.391 per cent. 
o” ash by sample 4.36 per cent. 
Total feed water metered 641,000 Ib, 














Summary or Resuirs.—continued. 


Total town water metered .... de 471,000 lb. 
” ” ” divide total feed 
water = make - up 


water for all pur- 
"poses eee « 73.5 per cent. 
Average feed water temperature after 


heaters 158 deg. F. 
a6 flue temperature 486 deg. F. 
” CO, ... eve 8.82 per cent. 
Efficiency of boilers 69.83 per cent. 
Condensing Plant— 
Average injection water temperature 68 deg. F. 
~ extraction ioe , 87.5 deg. F. 
Water ratio eee one $00 oes 50 to | 
» injection quantity (average) ... 2,230 g.p.m. 
Average vacuum temperature 99.6 deg. F. 


99 efficiency ... .-- 96.16 per cent. 
difference in vacuum tempera- 
ture and extraction water 


temperature 
Engine-room— 
Average steam pressure before stop 


12.1 deg. F. 


valve ... 157 lb. per sq.in. g. 
” » temperature before 
stop valve 510 deg. F. 
ii vacuum (30-in. barometer)... 28.1 in. Hg. 
Total kilowatts metered - eve 36,570 


Load factor 76.4 per cent. 


Cooling Tower— 


Temperature of air near tower eee 40 deg. F. 
Inlet temperature of water at top of 

tower ... ose ace ove «+ 91.75 deg. F. 
Temperature of water in sump ove 70 deg. F. 
Drop in temperature of water through 

tower ... ‘ ‘ 21.75 deg. F. 


Velocity of air at top of trays... . 188 ft. per min. 
Wet bulb thermometer over top of 


trays ... ove eee ose 77.5 deg. F. 
Dry bulb thermometer over top of 

trays ... ove ove eee «+ 78.8 deg. F. 
Humidity top of trays 93.4 per cent. 
Wet bulb temperature near tower 37.96 deg. F. 


Dry bulb temperature near tower 
Relative humidity near tower 


39.43 deg. F. 
88.26 per cent. 


Cooling water over tower 2,200 g.p.m. 
Barometer eee coe eee eee 29.68 in. 
Water taken up _ cubic foot of air 
passing through tower ove vee 7.26 grains 
Results— 
Coal per kilowatt-hour 2.1 Ib. 
Steam per pound of coal oes ° 8.35 lb. 
Feed-water metered for all purposes per 
kilowatt-hour... eee ose eee 17.52 


The vacuum efficiency of 96.16 per cent. pointed to an 
air leakage, which was found later and stopped, with the 
result that the efficiency was improved to 98 per cent. 
The feed water even | includes that requi for the 
main turbine, the auxiliary engines, feed pumps, leakages, 
drains, and the steam lost during the 534 minutes that the 
boilers were blowing-off. 

In January, 1915, a 3,000-kw., 3,000-r.p.m. set sup- 
plied to the Charing Cross, West End and City Electricity 
Supply Company, Limited, was started up, and is illus- 
trated in Fig. 8, 248. The plant consists of :— 

Turbine.—3,000-kw., 3,000-r.p.m. Rateau impulse 
type, containing 11 Rateau stages. 

Steam Conditions.—170 lb. per square inch gauge, 
55 deg. F. superheat, 27} in. vacuum. 

Generator.—Fifty cycles, three-phase, 10,000 volts. 

Condensing Plant.—Surface type. 

This was one of the first sets of this speed and rating 
running in this country. The auxiliary turbine was 
designed for 220 brake horse-power at 2,500 r.p.m., 
rather a high output for such a set, resulting from the fact 
that the cooling water was pumped over a high cooling 
tower, and that both the circulating pump and air pump 
were large, because the condenser, in addition to dealing 
with the steam from the main turbine, was required to 
condense the exhaust steam from the two Bellis and 
Morcom engine sets shown in the background of Fig. 8. 

The guarantees included the steam required for the 
auxiliary turbine, which exhausted into the main turbine 
at a stage where the pressure was atmospheric at full 
load. The official test results corrected to guarantee 
conditions were as follow :— 


Full. 


J| Over- Three- | 

Load ... ade aes il Load. Quarter. Half, 
| 

Test result, Ib. per kw hr 15.9 16.9 16.7 19.13 


A 5,000-kw. set at 3,000 r.p.m., installed in the Stuart- 
street Power Station of the Manchester Corporation, was 
started up in October, 1915, and described by Mr. 8. L. 
Pearce, in his lecture before this association, on Novem- 
ber 20, 1915. Between November 22, 1915, and 
November 13, 1916, this set generated 22,293,400 kw.- 
hours, or 49.4 per cent. of that possible if it had been 
on full load for the whole of the time between those 
dates. The two last turbines differ from the first 
described in that the first stage consists of a wheel having 
one row of blades in place of the two-stage velocity wheel, 
a feature which provides a second illustration of the 
effects of high speeds on design. 

The success of impulse turbines has been in a la 
measure due to the fact that the pressure and temperature 
inside the turbine casing is kept low by allowing a much 
larger expansion in the first than in succeeding stages, 
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with the result that the full boiler steam pressure and 
temperature is confined to the steam chest and nozzle 
boxes, which are small chambers, and can when necessary 
be made of cast steel at a reasonable cost. In turbines 
whose blades rotate at a slow or moderate peripheral 
speed the steam velocity resulting from this large initial 
expansion can be utilised most efficiently in a velocity 
wheel having two rows of moving blades, but with a 
given expansion as the peripheral speed of the blade 
increases the work done in the second row decreases, 
whereas the friction and windage losses increase as some 
power greater than the cube of the speed. It will 
therefore be readily understood that a point will be 
reached when the second row of blades does not perform 
enough work to rotate it at the required speed, the deficit 
being made up by the first row. This effect is illustrated 
by Fig. 9, 248. It will be seen that with the condi- 
tions stated, and with blades having 30 in. mean dia- 
meter, the addition of the second row increases the stage 
efficiency by 25 per cent., but that if the mean diameter 
is 47 in. the second row makes no contribution to the 
work done in the first stage, so it can be dropped with 
advantage. 

A 6,000-kw., 1,500-r.p.m. set, installed at the Port 
Dundas station of the Glasgow Corporation, illustrates 
the reliability of a modern steam turbine unit and of the 
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Fig. 10. 6,000-kw. High-Pressure Westinghouse Rateau 
turbine, 1,500 r-p.m., official test curve. Guarantee con- 
ditions :—high-pressure steam ; pressure, 190 Ib. sq. in. g. ; 
superheat, 166 deg. F.; vacuum at full load, 27.45 in.; 
barometer, 33 in. 


importance of coal consumption. The turbine is of the 
Rateau impulse type, designed for 190 lb. per square 
inch gauge and 166 deg. T. superheat, containing a 
velocity wheel followed by 10 Rateau impulse stages ; 
the maximum tip speed being 553 ft. per second. It is 
coupled to a three-phase 50 per 6,600-volt generator. 
A condenser having a surface of 12,800 sq. ft., or 2.13 sq. 
ft. per kilowatt at normal rating, maintains a vacuum of 
27.45 in., at 30 in. barometer, when supplied with 
9,875 gallons of cooling water per minute at a temperature 
4 4? F. The official test results are plotted in 
ig. 10. 

tween the dates of July 24, 1914, and October 31, 
1915, this set generated 52,852,500 units, or 78.93 per 
cent. of the power which could have been generated if it 
had been carrying full load for the whole time. The set 
was started up in February, 1914, and had generated 
100,000,000 units by August, 1916, so that with a coal 
consumption of, say, 1.75 lb. per kilowatt-hour, the coal 
used by the set would equal 78,250 tons in 2} years, or 
at the rate of 31,300 tons per annum, which represents 
a coal bill of 23,5007. per annum with coal at 15s. per 
ton, so that each 1 lb. improvement in steam consumption 
saves about 1,710/. r annum in cost of fuel alone. 
In the example stated, if the saving in coal consumption 
alone is considered and capitalised at the rate of 10 per 
cent., an increase in purchase price of 2,350/. would be 
justified for each 1 per cent. improvement in steam 
consumption. 

(To be continued.) 





THe PENNSYLVANIA Rattroap System.—The Penn- 
sylvania Railroad System has issued, in booklet form, 
a historical and descriptive treatise covering the 
territory traversed by itslines. The principal object of 
the booklet is to point out the most interesting and 
picturesque incidents connected with the settlement 
and subsequent development of this region, which has 
become the richest and most thickly populated in the 
United States; also to set forth the present character 
of the various portions of the territory with reference to 
industry, mining, agriculture and commerce. The 
region covered includes the principal sections of the 
Middle States and the Central West, together with some 
portions of the Southern States. A brief description is 
given of all the cities and of the more important towns 
on the Pennsylvania Railroad, east and west of Pitts- 
burg, with the business advantages and achievements 
of each, together with a number of historical incidents 
which relate chiefly to events in the discovery period of 
American history, to happenings during colonial days, 
the Revolution, the War of 1812, the wars with Mexico 
and the Indians, and the Civil War. The book is 
Sa illustrated, and is accompanied by a large 
olding map of the territory served by the Pennsylvania 
system. 





[Marcu 16, 1917. 
NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The position has not 
undergone any material alteration. Collieries and 
dealers are anxiously anticipating the end of the present 
month, for with the passing of March more congenial 
weather can be confidently expected, with a consequent 
diminution in the demand for heating purposes. In the 
house coal section this will make a pronounced difference. 
At present depots and merchants have many arrears on 
their books, chiefly as a result of the periodical severe 
wintry spells. The irregularity and insufficiency of 
supplies make it impossible for these to be cleared off, 
even with the demand at the ordinary winter level. 
Manufacturers are also expected to require less fuel for 
heating purposes in the spring season, but this will not 
greatly affect the situation, being more than counter- 
balanced by the increased and pressing requirements for 
direct power work. There is still a shortage of the 
smaller sorts, but with a good tonnage of large steam 
coal to hand, works are able to keep running. Selwege 
are also receiving large quantities. Inland gas works 
are finding it a difficult matter to get all they contracted 
for, but the position is expected to become much easier 
in the course of a few weeks. Coke maintains a strong 
tone, and top prices are paid. Little interest centres 
in the export trade, which is now principally with Allied 
Powers. Quotations:—Best branch hand-picked, 
20s. 6d. to 21s. 6d.; Barnsley best Silkstone, 18s. 6d. 
to 198. 6d. ; Derbyshire best brights, 18s. 6d. to 19s. 6d. ; 
Derbyshire house coal, 17s. to 18s.; best large nuts, 
16s. 6d. to 17s. 6d.; small nuts, l5s. 6d. to 16s. 6d. ; 
Yorkshire hards, 16s. 6d. to 17s. 6d. ; Derbyshire hards, 
16s. to 17s.; best slacks, 12s. to 138.; seconds, 10s. 6d. 
to lls. 6d. ; smalls, 7s. 6d. to 8s. 6d. per ton at the pit. 


Iron and Steel.—The sole topic at the moment seems 
to be the absorbing one of output. All energies and 
enterprises are being directed to increasing, as far as 
possible, the amount of production week by week, and a 
friendly rivalry exists among the different firms. The 
greatest call of the moment comes from the shipbuilding 
yards. These are dependent upon Sheffield for many 
vital supplies, including the better-known ones of steel 
plates and tools. The ‘‘speeding-up”’ in the ship- 
building yards has led to a corresponding acceleration 
of output in the large Sheffield steel works which supply 
them, particularly the ones which are so closely related 
to the firms at Belfast, Clydebank and the Tyne. Special 
steps have been taken to produce the essential material 
with as little interference as possible. In the demand 
for tools of all descriptions, and particularly the larger 
sorts, there has been an enormous increase, and manu- 
facturers are to-day turning out more than double the 
quantity they did twelve months ago. Though working 
to the full extent of their capacity, the different works 
are unable to meet all requirements, and vast quantities 
of high-speed varieties are wanted in addition to the 
current output. It will be a big accession of strength 
when the new works get into complete running order. 
We were informed this week by Mr. John Harper, the 
manager of Messrs. Arthur Balfour and Co.’s Broughton- 
lane branch, that early next month the extension scheme 
will be completed and the works will then produce 
100,000 tools of all sizes per month, as against 35,000 
to-day. Other extensions are also making headway, 
and it is confidently anticipated that in a few weeks’ 
time supply and demand will be much more equalised 
than they areto-day. Activity prevails in the production 
of high-speed steel, with the consequence that firms are 
not hesitating to increase their electric melting plant. 
It is a surprising thing to note how greatly electric 
furnaces have found increased popularity in Sheffield 
during the past twelve months. For the melting of high- 
speed and the lighter mechanical steel an electric furnace 
is considered to be unrivalled—a great change from 
the none-too-remote day when manufacturers looked 
askance upon such furnaces. File and saw makers have 
more work on hand than they can deal with, and, un- 
fortunately, arrears are inevitable, despite the import- 
ance of the goods. Hack saws are constantly wanted 
by the War Office, the Admiralty and our Allies. Tram- 
way work continues good, and the firms on rolling-stock 
of all classes find a superabundance of orders. The 
metal market does not possess any unusual feature, for 
the general tightness and firmness in all departments 
have become quite a common characteristic, and show 
no present signs of disappearing. In all brands of 
common irons there is heavy buying, whilst steel billets 
are only obtainable for war work. Agricultural engineers 
have a boom on hand, but find the pressure of countless 
orders exasperating. They could utilise the services 
of as many more grinders as they have engaged if these 
were available. As it is, the Army has swallowed them 
up. Cutlery, silver and plate firms continue to receive 
big indents, but plate manufacturers are too much 
perturbed about copper supplies to view the future 
with equanimity. The state of the general foreign and 
colonial trade gives cause for satisfaction. 


Sheffield Gas Light Company, Limited.—The large 
firms which depend upon the gas supply for much of 
their power and lighting would be interested in the 
statement niade at the annual meeting of the Sheffield 
Gas Light Company, Limited, on Monday, by the 
chairman, Mr. Wilson Mappin. He remarked that the 
Daylight Saving Bill decreased the gas consumption 1 
the city last year by 59,432,000 cub. ft. and saved 
householders a sum of 5,2001. The darkening of the 
streets reduced the receipts from this source from 9,000/. 
of an annual average in preceding years to 988/. The 
chairman added that so badly hit were they through the 
labour shortage that retorts, after being heated, had had 
to stand idle for weeks waiting for men to charge them. 
The office and other officials had come to the company * 
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assistance by voluntarily undertaking coke-loading and 
other duties at week-ends. There was a profit on the 
year’s working of 110,048/. 1s., and a dividend at the 
rate of 10 per cent. was declared. 


Sheffield Trade Matters—The directors of Messrs- 
Robert Hadfields, Limited, met at the East Hecla Works, 
Sheffield, on Monday, and decided to recommend that, 
in addition to the interim dividend of ls. per share paid 
in July last on the ordinary shares, a further dividend 
be paid on the ordinary shares of 4s. per share, making 
the rate the same as last year, together with a bonus 
of ls. per share, all free of tax. The distribution for the 
full year, therefore, comes to 30 per cent., which is the 
highest for some time past. In 1915 the rate was 
25 per cent.; 1914, 22} per cent.; and 1912 and 1913, 
20 per cent. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

_ Scotch Steel Trade.—Work in the steelmaking estab- 
lishments goes on as usual, the only difference, perhaps, 
being an endeavour to add to the ceaseless activity 
prevailing everywhere. Without doubt the success of 
the British Army in the Eastern zone of war will have 
the effect of further stimulating those upon whom falls 
the onus of providing the requisite material for the use 
both of Army and Navy ; yet it is problematic whether 
it will be possible to augment the heavy output to any 
appreciable extent. Every available rolling mill is in 
full operation and more than likely to continue so for 
some considerable time ahead. There is no cessation of 
the Government’s demands for shell-making steel, both 
bars and billets, nor for plates and steel material of all 
descriptions required for shipbuilding purposes, both 
for mercantile and Admiralty contracts. With the 
exception of some small lots being shipped to Allied 
countries, export is practically at a standstill and prices 
purely nominal onl much on the lines of last week. 
The home rates, being officially fixed, remain unaltered. 


Malleable Iron Trade.—The comparative scarcity of 
iron in the malleable iron works is being distinctly felt 
alike through the excessive demand and the increased 
production of steel in the steel departments. Some con- 
siderable export business is being put through, both in 
iron and steel, but naturally the home demands are of 
the first importance, the requirements of Government 
alone being practically sufficient to keep every mill 
going. Prices, of course, remain firm, and “‘Crown’’ 
bars are quoted about 15/. per ton. 


Scotch Pig-Iron Trade. — While the briskness which 
characterises the pig-iron trade at the present time is as 
strong as ever, no new developments fall to be recorded 
over the week. The demand for hematite continues to 
be specially strong, the entire output being so rapidly 
absorbed by the local steel works that makers are con- 
stantly pressed for delivery, and this notwithstanding 
the fact that the number of furnaces in full blast has 
been considerably augmented during the past few weeks. 
It is thus practically impossible to obtain any hematite 
for other than war purposes. Foundry and forge grades 
are also much in request, foundry being a trifle firmer 
for export, although the home prices, being fixed, remain 
as formerly. Considering the difficulties with which 
makers have meantime to contend, it is astonishing that 
everything is working so very smoothly. 


Shipyard Extension at Leith—Messrs. Hawthorns, 
shipbuilders, Leith, have just intimated to the members 
of the Leith Dock Commission—from whom they lease 
their Victoria shipyard—that they contemplate making 
some rather extensive improvements there for the 
purpose of increasing the output of new tonnage. It is 
the firm’s intention so to extend the yard that there will 
be three building berths, each one of which will be capable 
of — vessels of from 200 ft.to 320 ft. in length. The 
proposed development was submitted to a meeting of 
the Commission, and then remitted to the Properties 
Committee with powers. 


To Improve Puddling.—In connection with the scheme 
which has just been set on foot for the purpose of 
improving the methods of puddling and of stimulatin 
the output of iron in the various producing centres o 
the country, Mr. Walter Dixon, 38, Bath-street, Glasgow, 
has just been ope secretary for the local committee 
appointed by the British Ironmasters’ Association to 
deal with the question. 'Workmen and others interested 
in the subject are being asked to submit for approval 
any original ideas’ or suggestions which they think 
will be of material benefit, and arrangements are being 
made - give suitable awards for any which may be 
adopted, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

: MippLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—There is no scarcity of 
pig-iron, and with the March allocations of Cleveland 
kinds on a very liberal scale for home use and for con- 
sumption north of the Tweed, customers are assured 
ot full supplies during the present month. Prompt home 
business is rather quiet, consumers having purchased 
sufficient iron to satisfy their early needs, but there is 
still @ very considerable forward trade passing, subject, 
of course, to any official changes in quotations. On 
behalf of consumers in Scotland contracts are being 
made for delivering to the end of June. A rumour 
prevails that two hematite furnaces are to be transferred 
to the production of Cleveland pig. Such a change 
would be hardly welcome, as the supply of Cleveland is 
ample to meet all home needs and leave a fairly large 
margin for export; whilst any curtailment of make of 





hematite would doubtless cause very considerable 
inconvenience. Shipments of Cleveland pig to our 
Allies is on a fairly large and growing one, be there 
is still room for considerable improvement, the tonnage 
situation continuing to give trouble. For home use 
No. 3 Cleveland pig, No. 4 foundry and No. 4 forge 
all stand at 87s. 6d., and No. 1 is 91s. 6d.; whilst for 
shipment to our Allies No. 3 is 97s. 6d. and upward, 
No. 4 foundry, 96s. 6d.; No. 4 forge, 95s. 6d.; and 
No. 1, 102s. 6d. ; and for export to neutral countries the 
—- quotations are 105s. for No. 3 and 110s. for 
No. 1. 

Hematite Iron.—Only fairly satisfactory accounts are 
given of the East Coast hematite branch of the iron 
trade. Values are fully maintained. Nos. 1, 2 and 3 
are 122s. 6d. for home use, 137s. 6d. for shipment to 
France, and 142s. 6d. for export to Italy. 


Shipments of Pig-Iron.—Under the conditions pre- 
vailing shipments of pig-iron must be regarded as 
satisfactory. For the first half of the month the loadings 
at Middlesbrough exceed 20,900 tons, and are quite 
— to the cléarances to the same date in February ; 
whilst they compare not unfavourably with the close 
upon 25,000 tons despatched in the first half of March 
last year. 


Coke.—There is an abundant supply of coke, but the 
heavy demand for local consumption keeps the descrip- 
tions needed at the fixed maximum prices that have 
ruled for some time past. Thus average blast-furnace 
kinds are 28s. at the ovens, and up to 30s. 6d. at the 
ovens is named for qualities low in phosphorus. 


Foreign Ore.—There is more business ing in 
foreign ore, and especially in outside kinds, Fairly 
large quantities are coming to hand. Unloadings at 
the port of Middlesbrough so far this month reach 
63,287 tons. 


Manufactured Iron and Steel.—Producers of finished 
iron and steel are very busily employed, and are still 
steadily adding to the output by extending works and 
laying down new plant. e output of mercantile ship- 
building material is increasing in a way that affords 
much gratification. Prices all round are very strong. 
The following are among the principal market quotations 
to home customers :—Common iron bars, 13/. 165s. ; 
best bars, 141. 2s. 6d.; double best bars, 141. 10s. ; 
treble best bars, 141. 17s. 6d.; iron ship plates, 137. 10s. 
to 141. 10s.; iron ship angles, 13/. 15s. ; iron ship rivets, 
171. 108. to 181. 10s. ; packing iron and steel (parallel), 
131.; packing iron and steel (tapered), 15/.; steel bars 
(no test), 142. 10s.; steel ship plates, 117. 108.; steel 
ship angles, 111. 2s. 6d.; steel s ip rivets, 191. to 201. ; 
steel boiler plates, 127. 10s.; steel joists, 11. 28. 6d. ; 
steel strip, 17/.; steel hoops, 17/. 10s. ; 
sections of steel rails, 10/. 17s. 6d. 


and heavy 





NOTES FROM THE SOUTH-WEST. 

Coal, Situation.—During the past week the irregu- 
larity of work at the collieries has become more accen- 
tuated. Consequent upon shortage of wagons, arising 
primarily out of the lack of tonnage, collieries have been 
rendered idle throughout the coalfield. This is parti- 
cularly so in the anthracite and western portion of the 
coalfield. The South Wales Miners’ Federation has had 
a return made of stoppages during February. This 
return shows a general dislocation of trade, but in the 
particular area indicated—the anthracite and the con- 
tiguous parts of the coalfield—the irregularity of work 
has become so acute as to result in actual distress. 
In these circumstances appeals are being made on 
behalf of the men affected to the Federation for financial 
assistance from the out-of-work fund. The situation was 
considered at a meeting of the Executive Council of the 
Welsh Miners’ Federation on Tuesday, when it was 
decided to grant a donation to relieve the distress, and 
to approach the Board of Trade with the view of seeipg 
what can be done to provide an equitable distribution 
of tonnage. As at least a partially remedial measure, 
energetic action is being taken with the view of securing 
home-grown timber for pitwood purposes. The new 
Monmouthshire and South Wales Pitwood Association, 
which, as already reported, is composed of the associated 
colliery companies, has already completed negotiations 
for the pure: of local woods. The necessary imple- 
ments are being acquired, and in order to secure labour 
posters have been posted up at the collieries appealing 
for volunteers to undertake the work of cutting and 
transporting the timber. The men employed will be paid 
at the rate of not less than 7s. 6d. a day, with subsistence 
allowance and other incidental expenses incurred 
through having to be working away from their homes. 
As a matter of pure speculation the project is not 
regarded as very alluring. As in everything else, there 
is an art in the felling of timbers, and, therefore, it is not 
expected that colliery workers will be able to show the 
same dexterity or the same results as experienced wood- 
cutters. The scheme, however, is not viewed from the 
standpoint of profit-making, but has been launched with 
the object of obtaining supplies of the now precious pit- 
wood at all costs. This object, it is believed, will be 
attained, at any rate to a very appreciable extent, by 
making the pits less dependent upon overseas supplies. 


The Iron and Steel Trades.—In the iron and steel trades 
work is very brisk, principally on Government account, 
and there is a general shortage of labour. Many work- 
men previously employed at the local tinplate works 
have, however, transferred their services to the steel 
works, and these to some extent make up for the short- 
age. The reason for the transference is the depression 
in the tinplate trade, which has suffered very greatly 
since the war—principally through the difficulty of 
obtaining the requisite amount of raw material. The 





Government have the first claim on all scrap steel, and 
thus the tinplate trade has been “sta -”’ In the 
Pontardulais district, however, the mills are still kept 
going, though in other districts the position is not quite 
so favourable. Unfortunately there is very little 
prospect of material improvement during the war, forthe 
reason already stated. 


The Coal Market.—Conditions remain unchanged, the 
chief characteristics being idleness and depression, with 
prices very weak. The aigele position is entirely 
responsible for this state o affaims. The authorities 
usually keep collieries producing the best quality coals 
regularly employed, but others are obliged to work on 
hand-to-mouth lines. Second Admiralty, Black Vein 


‘and Western Valley large coals are all round 24s., with 


the inquiry slow. Eastern Valleys are quoted from 
21s. to 238. Small coals are abundant,and best bunker 
sorts command no more than 158. 6d., seconds 15s., good 
cargo sorts 12s. 6d., and inferior cargo qualities from 
7e., and for spot loading slight concessions can be 
secured on these figures. Patent fuel for export is also 
in excessive supply and obtainable from 27s. 6d., and 
foundry coke ranges from 52s. 6d. to 55s. Pitwood 
remains inadequate to meet requirements despite the 
arrival of a recent éargo of 8,400 loads, and prices are 
firm at 75a. 


Limitation Freights Abandoned for Neutrals.—The 
Shipping Controller, in a telegram to the chairman of the 
Cardiff Institute of Shipbrokers, intimates that the 
Inter-Allied Chartering Committee in London is not 
bound to the old scheme of limitation freights, so far 
as neutral tonnage is concerned. This,in effect, means 
an abandonment of the scheme for this tonnage. A local 
breker has asked what rate the Inter-Allied Committee 
were prepared to pay for the near French ports to a 
neutral steamer, and has been refused above the schedule 
rate. Open-market chartering is now forbidden, and all 
free tonnage has to be submitted to the Cardiff Local 
Committee, who forward particulars to the Inter-Allied 
Committee. 


Finance.—North’s Navigation Collieries (1889), Limi- 
ted, made a profit in 1916, after provision for excess 
profits duty, &c., of 160,456/., against 130,071/. in 1915, 
and declared a dividend of 20 per cent., against 124 per 
cent. The United National Collieries, Limited, made a 
profit in 1916, after making provision for excess profits 
duty and placing 100,000/. to reserve, of 220,2211., 
against 299,521/7. in 1915, and declared a dividend 
making 25 per cent. for the year, which is the same as 
in 1915.—The Bedwas Navigation Colliery Company, 
Limited, made a profit in 1916, after paying debenture 
interest and providing for income-tax, excess profits 
duty and contingencies, of 37,0771., against 35,9831. in 
1915, and declared a dividend, making 12} per cent. for 
the year, against nil in 1915. : 





Conprensers.—The Mirrlees Watson Company, Ltd., 
Glasgow, have recently received orders for 69 sets of 
condensers, practically all for war service work, aggre- 
gating approximately 1,400,000 Ib. steam duty per hour. 





Sour American Trapg.—A circular issued on the 
8th inst. by the British Bank of South America gives 
information on the trade of Brazil and Argentina in 
January last, on the basis of data supplied by its branches 
in the two countries. In regard to Brazil, the circular 
states that import duties, which were payable 40 per 
cent. in gold and 60 per cent. in paper, are now payable 
55 per cent. in gold and 45 per cent. in paper, the modifi- 
cation resulting in a net increase of about 18 per cent. 
Exports of rubber to the end of October showed a 
falling-off of some 10 per cent. in quantity in spite of 
the improvement of 9.8 per cent. in sterling f.o.b, value. 
Export values for 10 months, from January to October, 
were : 1913, 130,0007. ; 1914, 233,0002. ; 1915, 432,0007. ; 
1916, 1,239,0007. It was generally considered that the 
German houses who had been buying and selling largely 
in the tine market since the commencement of the 
war, and been large shippers to the United States, 
had anything from 50,000 to 100,000 bales of wool 
lying stored in the country, presumably to be ready for 
shipment to Germany immediately on the cessation of 
hostilities. The 5 per cent. proposed tax on exported 
commodities from Argentina had been recommended 
by the President of the Budget Committee for approval 
and was expected shortly to pass Congress. 


Trape witn Ecyrr.—Mr. J. W. Williamson, con- 
tractor, Cairo and Ismailia, writing to the journal, The 
Near East, states that one very essential condition to 
which any British firm striving to capture the Egyptian 
market must conform is that all gauges, sections and 
sizes of material must be manufactured to the metric 
system of measurements and quoted for on that system 
in Egyptian currency. The sizes in general use are rails 
weighing 5, 7, 9 and 12 kg. per metre run, fixed in pairs 
with. five to seven steel sleepers to gauges of 50 to 60 
and 75 cm.; tipping trucks are made of } to — 1m. 
cube capacity, and so on all through. The metric 
system is in general use in Egypt, and at least 99 per 
cent. of the buyers of this class of material understand 
no other measurements and will not trouble to learn the 
English system. If the British public could be brought 
to see the amount of valuable time they waste working 
with our complicated system, and our manufacturers and 
merchants the volume of trade which is annually lost to 
them for the same reason, there would be some hope that 
advantage would be taken of the general upheaval 
brought about by the war to alter the same to the metric 
system, as the Germans did after their successful war 
against France in 1870-71. 














ENGINEERING. 








[Marcu 16, 1917. 


STEAM TURBINES FOR LAND PURPOSES. 


(For Description, see Page 244.) 


Fig.7. VARIATION IN CONDITIONS ON 2,000 K.W. INSTALLATION DURING TEST. 
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Trae Merric System.—The enforced introduction of 
the metric system in the United States, making it by 
legislation the only legal system of weights and measures 
after a certain date, as has been proposed by several 
Bills that have been introduced in Congress, is regarded | 
by many industrialists and engineers as a threatened 
calamity of the first order, says the Enginecring and 
Mining Journal, New York. Such legislation, adds our 
American contemporary, would not merely mean the 
use of different kinds of weights and measures, as its | 
advocates carelessly think, but would involve and lead | 
to changes of the thousands of standards of materials | 
and all sorts of units upon which the American industry 











is based. Manufacturers would be confronted by the 
necessity of changing gauges, patterns, &c., at costs 
running to 1,000,000 dols. even in individual cases. 
Engineers would lose the old factors and data of work, 
material, costs, &c., which from long experience have 
accumulated in* their minds. Such records as are 
inscribed in Trautwine would be rendered useless, and 
so would it be with much of the State’s engineering 
literature. Our contemporary then adds that an 
American Institute of Weights and Measures has been 
formed, the objects of which are the following :—‘‘ The 
maintenance and improvement of our present (English) 
system of weights and measures, for the good of our 
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commerce and industry and the well-being of our 
country. The education of the people with respect to 
the importance of our weights and measures, through the 
dissemination of correct information with respect to them, 
and to the danger inherent to changes of our basic 
standards of measurement. The improvement of old 
and the development of additional standards as they may 
be needed by reason of new conditions in commerce, 
industry, science and engincering. The promotion of 
wise legislation for the conservation of our basic (English) 
units of weights and measures, and opposition to hasty 
and ill-considered legislation involving changes from our 
fundamental (English) standards.” 
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PASSENGER LOCOMOTIVE FOR THE PARIS AND ORLEANS RAILWAY. 
CONSTRUCTED FROM THE DESIGNS OF M. E. SOLACROUP, INGENIEUR-EN-CHEF DU MATERIEL ET DE LA TRACTION, 
BY THE NORTH BRITISH LOCOMOTIVE COMPANY, LIMITED, GLASGOW. 


(For Description, see Page 256.) 
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MR. W. M. ALSTON, M.INST.C.E., ENGINEER OF THE CLYDE NAVIGATION. 
(For Description, see Page 257.) 
ORIGINAL SOUTH QUAY. 
Fig .4. 
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Fig.2. 
EAST WALL OF ENTRANCE. 
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EAST WALL OF ENTRANCE AS STRENGTHENED. 
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KINGSTON DOCK, GLASGOW; IMPROVEMENT AND RECONSTRUCTION. 
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‘NOTICES OF MEETINGS. 


THE INsTITUTION oF MecHanicaL ENGINEERS. — Friday, 
March 16, at 6 p.m., at the Institution of Civil Engineers, Great 
George Street, ‘Westminster. Papers :—‘* Heat reatment of 
Large Forgit ” by Sir William Beardmore, Bart., Momsen, = 
Glasgow. eat Treatment of Steel Forgings,” by Mr. H 
Ashdown, of Newcastle-on-Tyne. 

THE INsTITUTION OF Post OFFICE ELECTRICAL ENGINEERS.— 
Monday, March 19, at 6 p.m., at the Institution of Electrical 
Engineers, when a paper will be read by = G, F. Greenham 
on ** The Provision of a Telephone Excha’ 

THe Roya. Society or Arts.— Monday, - 19, at 4.30 p.m. 
Aldred Lecture.—‘* Memorials and Monuments,” by Mr. 
rence Weaver, F.S.A. (Lecture III). Wednesday, March 21, at 
4.30 p.m. ‘Colour Printing, and some Recent Developments,” 
b r. George W. Jones. r. Carmichael Thomas, Chairman 

of the Graphic and Daily Graphic, will preside. 

THE INSTITUTION OF ELECTRICAL ENGINEERS : SCOTTISH LovaL 
Secrion.—Tuesday, March 20, at 7 p.m., at the Princes Street 
Station Hotel, Edinburgh. Paper : —‘ Voltage Regulation of 
Rotary Converters,” by Mr. G. A. Juhlin, Member. 

THE INSTITUTION OF CIVIL ENGINEERS.—Tuesday, March 20, at 
5.30 p.m. Paper to be submitted for discussion :—‘* The New 
Electric Power-House at Birchills, Walsall,” by Mr. Ernest 
Matthew Lacey, M.Inst.C.E. 

THE INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tuesday, 
March 20, at 8 p.m., at the House of the Royal Society of Arts, 
John Street, Adelphi, W.C. The followin ga be read :— 

‘** Sulphur in Petroleum Oils,” by Mr. F. Mollwo Perkin, Ph.D., 
F.L.C., F.C.S. The chair will be taken by the President, Pro- 
fessor John Cadman, C.M.G., D.Se., M.Inst.C.B. 

THE LivERPOOL ENGINEERING SOCIETY.—W ednesday, March 21, 
at 7.30 p.m., at the Royal Institution, Colquitt Street, when a 
paper will be read by Mr. L. Leighton, Assoc.M.Inst.C.E., 
A.M.1.Mech.E., entitled “Equipment of King George Dock, 
Hull.” (This will be a joint meetin, ng with the Manchester 
Section of the Institution of Electrical Engineers.) 

THe Roya MeErTEoROLOGICAL Society. — Wednesday, 
March 21, at 5 p.m., at Caxton Hall, Westminster, when a 
lecture on ** The Formetion of Mist and Fog” will be delivered 
by Major G. I. Taylor, R.F.C. 

Tue INSTITUTE OF MertTALS.— Wednesday and Thursday, 
March 21 and 22, at the Hall of the Chemical Society, 
Burlington House, Piccadilly, W. Wednesday, at 8 p.m. 
Annual general meeting. Papers on ‘* The General Properties 
of Stampings and Chill a in ne of Approximately 60/40 
Composition.” by Mr. Owen Ellis, B.Se. ; ** Machining Pro- 
perties of Brass,” by Mr. Owen W. Ellis, B.Sc. ; ‘* Surface Tension 
and Cohesion in Metals and Alloys,” by Mr. Sydney W. Smith, 
D.Se., A.R.S.M.; “Aluminium Production by Electrolysis: a 
Note on the Mechanism of the Reaction,” by Mr. R. Seligman, 
Ph.Nat.D.; ‘‘ Annealing of Nickel Silver” (Part I1.), by Mr. 
7 a Thompson, D.Met., B.Sc. Thursday, March 22, at 

30 p.m. and 7. 45 p.m. Metal- melting discussion. Papers on 
‘ Metal-Melting as Practised at the Royal Mint,” by Mr. W. J. 
Hocking ; ‘‘ Coal Gas asa Fuel for the Melting ‘of Non- Ferrous 
Alloys, by Mr. G. B. Brook ; ‘‘ High-Pressure Gas Melting, 

r.C.M Aha og” M.Sc. ; ‘‘ Contribution to Metal-Melt ng 
Discussion,” Mr. H. M. Thornton and Mr. H. Hartley, M. od: 
“An Blectric esistance gem for Melting in Cruc bles,” 

r. H. C. Greenwood, D.Sc., and R. 8. Hutton, D.Sc. ; Taeals 
1 Limitations in the Melting of Non-Ferrous Metals,” by Mr. 
Carl Hering ; “‘ Metal-Melting in a Simple Crude Oil Furnace,” 
by Mr. H. S. Primrose. 

THE INSTITUTION OF ELECTRICAL ENGINEERS. —Thursday, 
March 22, at 8p.m. ‘‘ Machine Switching Telephone Gear,” by 
Mr. F. R. McBerty, Member. 

THE ConcrETE INSTITUTE.—Thursday, March 22, at 5.30 p.m., 
at. Denison House, 296, Vauxhall Bridge Road, Westminster, 
S.W., when a paper will be read by Mr. W. Cleaver, M.Inst.C.E. 
entitled ‘ ‘The Rational Design of Reinforced Concrete Wharves 
and Jetties, with particular reference to those for Wet Docks 
having a permanent Water Level.” 

THE Roya. INSTITUTION OF GREAT BRITAIN.—Friday, March 23, 
at 5.30 p.m. A discourse will be delivered by Mr. Edward Clodd, 
J.P. The subject is ‘‘ Magic in Names.” Afternoon lectures 
next week at 3 p.m. Tuesday, March 20. Professor John W. 
Gregory, D.Sc., F.R.S., Professor of Geology, Glasgow, on 
** Geological War Problems” (Lecture a Thursday, arch 22. 
Professor J. A. Fleming, M.A., D.Sc., F.R.S., Professor of Elec- 
trical Engineering. University College, London, on ‘* Modern 
Improvements in Telegraphy and Telephony — Telegraphy” 
(Lecture I). Saturday, March 24. Mr, Stephen Graham on 
* Russian Idealism: the Russian Madonna ” (Lecture I). 





NOTICE TO NON-SUBSCRIBERS. 


in view of the restrictions now imposed by the 
Government on the importation of paper, and of the 
consequent shortage of supplies, readers who wish 
te be sure of obtaining ** ENGINEERING” each week 
should place an order for the Journal with a news- 
agent or bookstall clerk. Owing to the scarcity of 
paper it will be impossible in fature fully to provide 
for a chance Gomans for this Journal. 


NOTICE. 


Owing to the recent Government restrictions, 
and to the enormous increase in the price of 
occasioned thereby, the Proprietors of 








paper 
y | “ENGINEERING” are compelled to advance the 


price of this Journal from 6d. to 8d. per copy. This 
increase will date from and include the present 
issue of Friday, March 16. The change will not 
apply to unexpired subsetiptions. 
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ECONOMICS AT TECHNICAL 
INSTITUTIONS. 


For some time there has been a growing feeling 
among a section of the members of technical institu- 
tions that the field of view of such societies might 
be widened. The consideration of technical matters 
is, of course, their main object, but engineering has 
also a business aspect, and unless the financial side 
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is properly managed the demand for technical 


knowledge must be restricted. In some of the 
younger societies there has been quite an agitation 
to force the council to take an active part in business 
_ | propaganda, but so far the heads of the institutions 
have very properly refused to allow their energies 
to be diverted into such channels. Experience has 
taught them the dangers and difficulties that attend 
in this country all attempts at combined action by 
manufacturing firms to push the interest of a trade, 
and they have steadily declined to risk the success 
of the bodies over which they preside by lending 
themselves to any such perilous enterprises. No 
disinterested person can doubt the wisdom of their 
action, for it is just at the time when competition is 
at its keenest that such demands arise, and it is 
then that combined action is most difficult and 
suspicion most awake. The moment that personal 
gain becomes an element in the proceedings of an 
institution there is a serious menace to the 
unanimity and feeling of loyalty which is essential 
to its success. 

Nevertheless it is impossible not to sympathise 
with the feeling under the demand. Engineers in 
the past have often found themselves pawns in the 
hands of financiers and politicians, and instead of 
taking a part in the direction of the struggle have 
been used to further the interests of others rather 
than of themselves. The present war has demon- 
strated—if demonstration were needed—that the 
engineer is the greatest factor in the contest for and 
against world supremacy, and that he has practically 
no part in the management. There are many reasons 
for this, but the chief is that engineers, as a body, 
have little knowledge of economics in its wider 
aspects. With certain exceptions, they cannot hold 
their own in the company of those who control great 
movements, not for want of ability, but because 
they have not the necessary acquaintance with the 
principles of trade, exchange and finance. Many an 
engineer who in his youth has nursed the ambition 
of impressing his personality upon the construction 
of railways or docks or waterworks finds later that 
immediately he goes beyond the limits of technical 
matters he is helpless, and that he must mould and 
modify his schemes to fit the ideas of others more 
capable of gauging the needs and possibilities of 
commerce. This is an unsatisfactory condition of 
affairs, and it is one that may very rightly occupy 
the attention of the councils of our various institu- 
tions, seeing that it concerns the status of the 
profession and its efficiency in the world. It is 
entirely distinct from trade propaganda, prices and 
the like, and even from questions relating to tariffs. 

What engineers need, in the first instance, is a 
firm grasp on the principles of commerce and finance, 
and when that has been obtained they must rely 
on themselves for the application of the principles 
to the matters that constitute their daily avocations. 
Already these principles form the subject of univer- 
sity courses, but engineers cannot afford the time 
to add such courses to their other curriculum, and 
may reasonably claim the assistance of their respec- 
tive societies in their post-graduate days. As is 
befitting its position, the Institution of Civil 
Engineers has already led the way. In March of last 
year it. invited Mr. Harold Cox to lecture before it 
on “ Industrial Development,” and this week a 
lecture on “ Foreign Trade and its Relation to the 
Investment of Capital Abroad,” by Mr. Edgar 
Crammond, of Liverpool, has been delivered. At 
further extra meetings, in the immediate future, 
there are to be lectures on the “‘ Decimal System of 
A me Weights and Measures,” and on the 
‘* Standardisation of Engineers’ Materials.” Discus- 
sion follows the lectures, eminent men outside 
the ranks of the Institution being invited to take 
part. Nothing but good can be anticipated from 
this innovation, for not only are the lectures full 
of information, but, it is to be hoped, they will 
form the portal to further study and investigation 
by their hearers. 

Mr. Crammond’s lecture was a model of what 
such discourses should be, although its full value 
cannot be realised until it is in print, for it necessarily 
dealt largely with figures which are difficult to 
grasp as they fali from the lips of aspeaker. British 
engineers find much of their occupation in execut- 
ing works abroad, and nearly all these works are 
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carried out by British capital. If that supply 
were cut off the practices of many of the older 
engineers and the prospects of numbers of the 
younger would suffer a severe decline, and hence the 
Institution has the keenest interest in understanding 
the conditions by which the source of the livelihood 
of its members is affected. We all of us know that 
our holdings of American securities have been the 
main factor in preventing the British sovereign 
suffering the same fall in New York as the German 
mark. According to Mr. Crammond we had before 
the war 600,000,0001. invested in the States, and this 
formed a fund by which we could pay for munitions 
and food, and upon which we could borrow. It is 
not many years ago that there was an outcry 
that the social legislation of the Government was 
driving capital abroad, and that our own industries 
were being starved. Possibly there was some truth 
in that, but keeping capital at home has its dis- 
advantages. There was a period of three or four 
years following the revolution in Brazil and the 
Sherman Act during which the British investor 
almost closed his pockets against offers from 
abroad, and during that time Consols rose to 110, 
while other high-class securities gave little better 
return. Capital could not find adequate openings 
here, and the moneyed classes made little savings. 
This state of affairs was reflected in our exports, 
which were valued at 263,000,000/. in 1890, 
216,000,0001. in 1894, and 255,000,000/. in 1899, 
and for some years during this period our annual 
investments abroad were about 22,000,0001. After 
the South African War money again began to pour 
abroad, and our exports rose from 300,000,000/. 
in 1904 to 426,000,000/. in 1907 and 525,000,000/. 
in 1913. Our loans do not go abroad in the form of 
bullion, but of manufactured goods, and each 
consignment acts as a commercial traveller to 
secure more orders. Further, they all find 
occupation for our shipping, and many of them 
for our engineers. Those of our profession who 
go abroad and those who stay at home are alike 
interested in the dissemination of the truth that 
foreign investments not only earn interest, but that 
they find work for a large portion of our population 
who otherwise would be insufficiently occupied. 

It was impossible that a lecture like Mr. Cram- 
mond’s should not touch on the question of trade 
within the Empire. Just now this subject excites 
much enthusiasm, and a great deal is written about 
it which ignores some very important facts. We all 
should like to see the Empire self-supporting, but 
for the present this is impossible. The Germans have 
long aimed at being independent of outside sources, 
but the grip of our fleet is the most serious menace 
from which they suffer. We must continue to trade 
with all the world, firstly because we cannot get 
all our food and raw materials within the Empire, 
and, secondly, because we must keep our shipping 
employed. It is physically impossible that 12,000,000 
people in the Colonies should supply the needs of 
46,000,000 at home. Even in the matter of wool we 
only get 75 per cent. of our supply from the Empire, 
while of timber we only get 16 per cent. As for 
cotton, the Empire only supplies 3 per cent. of our 
needs, so it is clear that we are very far removed 
from the time when we can become self-contained. 
It does not follow, however, that we should make 
no effort towards that end. The experience of the 
last two and a half years has shown us that the 
solidarity of the British race is something worth 
fighting for and paying for, and that our former 
policy of making cheapness our first aim is not 
only the pursuit of a false ideal, but is also very 
expensive in the long run. Our Colonies want capital 
and men, and it will be their business and ours in 
the future to offer inducement ‘or both to keep as 
far as possible under the Flag. In that way we shall 
gradually increase our available supplies of raw 
material, and at the same time unite the race not 
only in sympathy, but in commercial interests. 

Our commercial shipping has saved both the 
Empire and the Allies. Without it we could not 
have waged our world-wide war, and we cannot 
contemplate its reduction in the future. It is esti- 
mated that in 1913 it earned 162,000,000/. sterling 
by an expenditure of 100,000,000/. In addition, it 
brought enormous business to London for under- 
writing, banking and discount, and in some way 





or other found employment for 830,000 persons. 
Its services ranked high among our so-called “ in- 
visible exports,” which balance the difference 
between exports and imports. Without our annual 
investments abroad, our shipping must decline ; it 
is engaged in carrying overseas the goods brought 
against the investors’ credits in London, and in 
bringing back the food and raw materials which 
represent the interest on the 4,000,000,000/. we 
have contributed to the exploitation of foreign 
countries. Only about one half of this is within the 
Empire, and, consequently, for a very long time our 
trade must follow in a large degree its accustomed 
courses. Indeed if we want to make up our war 
losses we must seek customers all over the world, 
and take payment for our goods in what they can 
best supply. 

Economics is not an exact science. It is seldom 
that it offers a definite solution to a problem. But 
it is of immense use in preventing us from running 
into mistakes, and it does reveal the principles 
underlying the flow of trade. A study of it widens 
the vision and enables forecasts to be made which, 
if not of the nature of certainties, have at least 


a fair value as probabilities. Although this country 


has been productive of great economists the science 
has never taken wide root, and hence we see fallacy 
after fallacy propounded in newspapers, pamphlets 
and books, while the platform is prolific of them. 
Most of these arise from want of perspective ; the 
vision is concentrated on one facet of a subject, 
and the others are ignored, because they are not in 
the view. Half the wrangles between Free Traders 
and Tariff Reformers would never have arisen if 
the respective advocates had taken the trouble to 
understand their opponents’ position and the full 
results of their own policy. At a time when old 
policies are disappearing and new ones are clamour- 
ing for adoption we cannot have too many lectures 
like that of Mr. Crammond, for it was full of warnings 
against precipitate action that would be followed 
by a revulsion of feeling. It cannot be too strongly 
insisted upon that all policies before the public 
have their advantages, but that these advantages 
have always to be paid for. Sometimes the demand 
for payment is immediate and sometimes it is 
deferred. In the same way the advantages some- 
times accrue slowly and sometimes rapidly. The 
point to be determined is whether the advantages, 
present or prospective, are worth what they will 
cost us sooner or later. So far in the war we and 
our Allies have been saved by British wealth quite 
as much as by valour, and it is most desirable 
that the principles leading to wealth should be 
widely discussed, remembering always that they 
cannot be entirely measured on a monetary basis. 
In the production of wealth the engineer is the 
most important factor, for he increases the efficiency 
of human effort many times by the application of 
machinery, and it is therefore only right that he 
should be educated in economic principles, so that 
he may take a leading part in moulding opinion 
and legislation in relation to financial and commer- 
cial matters. 





THE RULES OF SHIP REGISTRY 
SOCIETIES. 

Tue formation in 1890 of the British Corporation 
for the Survey and Registry of Shipping was an 
event of far-reaching importance to all concerned 
in the design, construction and maintenance of 
ships for the merchant service, and that the pro- 
gressive spirit which animated the original com- 
mittee of management, and their technical staff, has 
been maintained and developed is shown by the 
form in which their new Rules and Tables for 1917 
have been drawn up and issued for the guidance of 
owners and builders. There is no doubt that much 
of the progress which has been made in recent 
years in the modification and simplification of the 
rules of registration societies is directly due to the 
energy and ability with which the technical staff 
of the British Corporation tackled the problem of 
devising rules which would allow to builders and 
owners the maximum of latitude in the selection of 
suitable scantlings for their proposed designs, and 
which would, at the same time, satisfy the conditions 
of strength demanded by the Corporation. It is 
at once apparent that the new rules embody in a 





remarkably comprehensive manner the principles 
of design for which ship designers have long con- 
tended, and that they mark a very decided step in 
advance of all previous rules and tables in that, 
for the first time, a scientific basis for the selection 
of scantlings appropriate to a special design is 
made use of. The embodiment in the rules of the 
new principle upon which constructional plans and 
midship sections will in future be prepared for 
submission is an achievement of which the British 
Corporation may justifiably feel proud, and in the 
successful carrying through of the vast amount of 
work involved Mr. J. Foster King, the capable 
chief surveyor of the British Corporation, and his 
staff are to be heartily congratulated. The essential 
feature of the new form of the rules, as compared 
with the old, is the removal of approximations often 
based on dimensions which have nothing to do 
with the work of particular parts, and the substi- 
tution of control of scantlings by formule which 
have a direct relation to the work to be done. Items 
of construction for which no previous regulations 
have been published are dealt with; in short, 
freedom of design has been granted to a degree 
never before attempted, and the benefits which 
this freedom will confer on builders and owners 
cannot well be estimated. 


Rudders and stern frames have undergone con- 
siderable modification within recent years owing to 
the increasing use of the balanced types of rudder 
and the adoption of the cruiser form of stern. 
Provision is made under the section dealing with 
keels, sterns and stern frames for the construction 
of stern frames without a back post, and a rule for 
scantlings is furnished. The determination of the size 
of rudder stock, arms, &c., in a classed vessel was 
for many years governed by the dimensions of the 
ship—a practice which gave undue influence to 
factors which have little or no bearing upon the 
matter. In their original rules the British Corpora- 
tion for the first time put this important item upon 
a satisfactory footing by basing the dimensions upon 
the governing conditions of immersed longitudinal 
area and speed of vessel. The new rules contain 
formulz by means of which the builder can calculate 
the required size of rudder stock, arms, coupling 
bolts, &c., for ordinary and balanced rudders. The 
inclusion of the formule for balanced rudders with 
top and bottom bearings, and for balanced rudders 
of the spade type, is of special interest as repre- 
senting one of the most modern developments in 
shipbuilding. We believe these are also the first 
classification formule dealing with these types of 
rudder. As a general adoption of the principle 
of the balanced rudder in high-speed vessels may be 
looked for in general practice, and of the spade 
type for twin-screw high-speed vessels of the 
Channel type, the utility of the new departure is 
obvious. 

The introduction under classification control of 
simplified and more open methods of construction 
of double bottoms was due to the work of the 
British Corporation, and the measure of success 
which has attended the introduction of this open- 
floor system is shown by the frequency with which 
it is now adopted, and by the fact that it is now 
adopted as the standard construction under the new 
rules. The practical advantages of the newer 
and more open system during construction and in the 
repair and examination of spaces within the double 
bottom are such as readily to commend themselves 
to builders, owners and surveyors. The veritable 
maze of small compartments—difficult of access for 
work during construction and for repair after 
damage—formed by the intersection of floor plates 
and intercostal longitudinal girders is done away 
with to a very large extent, and to this desirable 
state of matters the spacing of the intercostal 
longitudinal girders, 15 ft. maximum amidships, 
contributes in no small degree. Damage to the 
bottom plating forward, due to “ slamming ” or the 
pounding action of the waves when the vessel is 
running in ballast, is of somewhat common 
occurrence, and the new rules amplify the pro- 
visions previously made for the elimination of this 
trouble by increasing locally the thickness of shell 
plating and by the fitting of double-riveted frame 
and intercostal connections. 

The new rules for the determination of the 
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scantlings, &c., of frames are remarkable for their 
flexibility and for the eminently sound basis upon 
which they are founded. The frame spacing, 
number of rows of stanchions, unsupported length 
of frame, and draught of ship are the factors made 
use of in the two formule which determine the 
scantling of frames. Each or all of these factors 
may be modified by the designer to suit his require- 
ments as to structural arrangement, or the section 
which he finds it most convenient to work, and it 
may fairly be said that it now lies with the designer 
to adjust these various factors so as‘to give the best 
possible result for his requirements. The latitude 
which is allowed in the fixing of heights of floors 
and bracket connections to frames, depth of beam 
knees, frame spacing, &c., may at first prove a 
trifle disconcerting to the designer, and it will 
certainly induce him to investigate very carefully 
the possibilities of each variation, but the advantages 
to be gained are so great that they will far outweigh 
the extra time and trouble involved in the prepara- 
tion of the section for submission. The depth and 
thickness of floor plates and the size of beams are 
similarly regulated by formule which make it 
possible to proportion correctly the scantlings to 
the work which these members of the structure 
are called upon to perform and which are based 
upon the sound theory that span and load should be 
the determining factors in fixing the scantling of 
beams. The treatment of deck girders and pillars 
is closely associated with that for deck beams, and 
here again the new rules provide formule for all 
cases and take account only of the essential factors 
in each case. 

The whole question of watertight subdivision 
and the strength of bulkheads was exhaustively 
dealt with by the recent Bulkhead Committee, and 
rules governing the degree of subdivision and the 
construction of bulkheads which are now accepted 
as the standard were formulated. The question 
of subdivision by means of watertight bulkheads 
was considered by this committee mainly in its 
bearing upon the question of safety, and the con- 
struction of bulkheads recommended was deduced 
from actual experiment; but so far as registration 
societies are concerned the main consideration 
governing the fitting and construction of bulkheads 
is strength. It is therefore appropriate that the 
new rules governing the strength of bulkhead 
plating and stiffness should conform very closely 
to the findings of the Bulkhead Committee. Only 
those bulkheads which conform to the rules govern- 
ing the construction, position and tests of watertight 
bulkheads are to be recorded in the register book 
as watertight, and this fact should encourage the 
making of divisional bulkheads watertight. 

The section and tables dealing with longitudinal 
material, such as deck plating and stringer bars and 
shell plating, form an admirable illustration of the 
success with which the principle of the determination 
of scantlings with strict regard to the work performed 
by each item of structure has been applied. Length, 
breadth, draught and freeboard are the governing 
factors in the determination of the rule scantlings 
for rule frame spacings, but provision is made in the 
rules for variation in draught, freeboard or frame 
spacing in the case of the shell plating tables, and 
for variations of number of decks, freeboard, beam 
Spacing and ’tween-deck height in the case of deck 
plating. It must be conceded that tables which 
take account of so many variables, and yet maintain 
a uniform stress intensity in the material, form a 
most remarkable piece of work and reflect credit on 
all concerned in their production. The important 
subject of riveting is dealt with in detail for 
all important items of structure, and the tables 
furnish all the required information as to details of 
spacing, &c. 

_ The special section dealing with vessels for carry- 
ing oil conforms closely to that governing the 
construction of ordinary vessels, the designer being 
left with a very free hand as to internal arrange- 
ments, &c. 


determining the diameter of suction pipes recom- 
mended by the Bulkhead Committee has been 
inserted. The rules for machinery have been very 
considerably rearranged, extended and simplified, 
but no alteration on a scale corresponding to those 
which have taken place in the ship section has 
taken place. Engineers will find the application of 
the rules simplified, but they will not be called upon 
to reconsider their designs as will the shipbuilder. 

The new rules mark a very decided step forward 
on the part of the British Corporation, not only on 
account of the excellence of the principles under- 
lying them and the skilful manner of the application 
of these principles in tables and formule, but also 
by reason of the fact that there is now allowed 
scope for the originality and resource of designers 
on a scale never hitherto dreamt of in connection 
with registration societies’ rules, and this will 
operate entirely for the good of ship design in 
general. To all concerned in the production of the 
new rules the thanks of shipbuilders and owners 
are due for their very successful effort to meet 
modern conditions, and the proof that a rigid 
adherence to inelastic rules is not the policy of this 
most progressive society. 








THE RAILWAY WAGON PROBLEM. 
A aoop deal has happened since we last referred 
to the railway wagon problem (ENGINEERING, 





| December 22, 1916), but much remains to be done. 
| We expressed the opinion that railway companies 
| should extend the mutual user of wagons and in 
| other ways devote their attention to the prevention 
| of light or empty wagon mileage. This has been done 
|in respect of open goods and coal wagons suitable 
| for general purposes belonging to the railway com- 
panies which are now under Government control. 
| These vehicles may now be loaded to any station on 
or beyond the line of any of the controlled com- 
panies, irrespective of the ownership of the wagons 
or of the routes by which they were received, either 
full or empty. In other words, railway-owned 
open goods wagons are now used indiscriminately, 
|no matter on what line they may be, instead of, 
|as hitherto, being immediately returned to the own- 
|ing company. This has inevitably saved shunting 
| work in sorting out “ foreign ’” wagons, while empty 
| vehicle haulage has been much reduced. In saying 
this, however, it is not overlooked that empty 
mileage cannot be abolished. The flow of traffic 
can never be equal between all points, and it will 
always be necessary to supply certain ports and 
| manufacturing centres with empty rolling-stock, 


| while working such stock away from places at which 
| the: inward loading exceeds the outward. 


Indeed, 
the common user of wagons is in itself the cause 
|of some amount of empty vehicle haulage. To 
| demonstrate this it is necessary to explain that there 
are 12 wagon distribution areas, or zones. These are 
the respective systems of the Great Central, Great 
Eastern, Great Northern, Great Western, Lancashire 
and Yorkshire, London, Brighton and South Coast, 
London and North-Western, London and South- 
Western, Midland, North-Eastern, South-Eastern and 
Chatham and the Scottish companies. Smaller rail- 
ways are associated with one or other of the larger 
lines for the purpose of rolling-stock arrangements— 
e.g., the London and North-Western company is 
responsible for the supply of wagons to the Cambrian, 
Furness, North Staffordshire, Oldham, Ashton and 
Guide Bridge, and Wirral railways. As between each 
of the 12 principal areas records are kept at each 
junction of the common user stock exchanged and 
daily debit or credit balances are prepared. On the 
basis of these records a specially constituted rolling- 
stock committee sitting at the Railway Clearing 
House notifies each company what adjustments 
have to be made either by payment or receipt of 
stock. 

From this brief statement it will be apparent 
that what we have described as being applicable 
to individual stations or ports may apply to a rolling- 





Formule for the thickness of plating of ; stock area, viz., that it may regularly load to other 


vertical circular tanks for carrying oil in bulk, and | lines more wagons than it receives from them, or 
for the thickness of circular tunnel plating where | vice versa. This is happening at the present time. 
|For obvious reasons in connection with the war 
| the southern companies receive more loaded wagons 
| from other lines than they send to them. For ex- 
| ample, the Great Western Railway will be handing the 


tunnels are carried through oil spaces, are given. 
Among the minor items no change of importance 
has been made except perhaps in the section on 
pumping arrangements, where the formula for 








London and South-Western Company more wagons 
than it receives. This difference in the exchange 
has to be adjusted by payment of empty wagons 
by the London and South-Western Company. But 
the Great Western Company may require empty 
wagons in the Midlands or at Bristol or for payment 
of adverse balances to the London and North-Western 
at northern junctions. Obviously, therefore, empty 
vehicle haulage has to take place, and to the extent 
to which it is a feature of the new method of rolling- 
stock distribution empty vehicle mileage must 
continue to be a factor. It may be taken, howevér, 
that empty train and vehicle mileage has been 
greatly reduced. 

We should mention that wagons of exceptional 
length or type, as also covered vans of all descrip- 
tions, bolster trucks, cattle wagons, and vehicles con- 
structed for conveying heavy and bulky traffic are 
not used in common, but are still worked on the old 
basis of company ownership. 

Having made so material an advance in the 
economic use of railway-owned rolling-stock, the 
question naturally arises as to the present position 
of the privately-owned wagon. Nearly three months 
have passed since the order in Council was announced 
by which the Board of Trade were empowered to 
order the taking possession of any private owner’s 
wagons and to use them in such manner as they 
think best in the interests of the State, on such 
conditions as to payment, use and otherwise as 
may be provided. Yet little progress seems to 
have been made, and trains formed of empty 
privately-owned wagons are still a feature of railway 
operation in this country. _We understand that, in 
connection with the demand for rolling-stock to be 
supplied for use in France, strong representations 
were made to the Government in favour of the taking 
over of privately-owned wagons. It seems, too, 
that the Scottish railways have had conferences with 
wagon owners and agreed upon a scheme. This was 
to have come into operation on February 5, subject 
to the approval of the Board of Trade. Judging by 
the fact that it has not come into force, it may be 
taken that the approval of the Department has not 
been forthcoming. We may also premise that this 
is in some way due to the possible effect of the 
Scottish agreement on the larger matter of the 
English and Welsh privately-owned wagons. As 
regards the latter a meeting seems to have take 
place between the President of the Board of Trade 
and representatives of the Railway Executive 
Committee and of the owners of railway wagons. 
No announcement of the result of this conference 
has been made, but a committee has been formed 
to continue negotiations. 

There are many very considerable issues, but the 
dominating factor is that the haulage of empty 
rolling-stock is wasteful and should be minimised. 
Bad as it is at any time, it is doubly so in a period 
of national emergency such as the present, and no 
time should be lost in bringing the negotiations to 
an issue. Meanwhile we may profitably direct 
attention to a scheme of utilisation of privately- 
owned wagons which has been developed by Mr. 
John A. F. Aspinall, General Manager of the Lan- 
cashire and Yorkshire Railway. It is to secure to the 
railway company the right to use traders’ wagons 
on their return journey for loading general goods 
traffic, payment being made for the time the 
vehicle is in use. 

After completing a journey the wagon is loaded 
in its homeward direction with ordinary traffic. 
Steps are taken to record the time each vehicle is 
taken possession of by the railway company for 
loading, and payment is made from that time until 
it is unloaded and sent forward to the owning com- 
pany. The rate of payment is ls. per wagon per 
day or part of a day of user, Sunday being regarded 
as a dies non. Special steps are taken to secure 


‘that no wagon shall be unduly delayed on its return 


journey, and the agent at the station to which a 
vehicle conveys general goods traffic is notified that 
it must be discharged and sent on to the colliery 
on the day of arrival. A certificate has to be given 
that this order is carried out, and any failure is 
investigated. 

We congratulate Mr. Aspinall on having developed 
this scheme, but it ought not to be regarded as other 
than a “ half-way ” stage. The full and unrestricted 
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use of all wagons, whether owned by railway com- 

ies or traders, is the end to be striven for, and 
we feel that there has already been too much delay 
in seriously tackling the problem. 





NOTES. 

THE STRENGTHENING OF CHARING Cross BRIDGE. 

Ir is gratifying to note that the Bill for strengthen- 
ing the railway bridge at Charing Cross passed its 
second reading in the House of Commons on Tues- 
day last by a majority of 184 to 56. The usual dis- 
ingenuous speeches were made in opposition to the 
measure. No one, of course, admires the present 
bridge as a work of art, but it is undeniable that its 
appearance will be improved by the steps taken to 
strengthen it, and were the advocates of a vast 
expenditure of public money on the beautification 
of London consistent, they should express gratifica- 
tion at funds being found from private sources for 
a substantial betterment of the amenities of the 
Thames. The real, but of course unavowed reason 
for much of the opposition to the scheme lies in a 
desire to depreciate the value of the assets of the 
railway company. If by a refusal of the powers 
sought the company can be debarred from adequate 
use of its own property, this property may be 
purchasable at a considerable reduction on its fair 
value. The same plan was, it will be remembered, 
adopted with a view to depreciating the value 
of the Metropolitan water undertakings. If the 
community decides after the war to spend some 
millions of public money in beautifying the 
metropolis the scheme will be in no way inter- 
fered with by the proposed strengthening works. 
Indeed, the company have agreed that if the 
bridge be purchased within 10 years of date the 
sum expended on the new works shall be deducted 
from the compensation paid. In the meantime the 
public that uses the railway will benefit by the 
better service it will be possible to maintain. It is 
always interesting, even if unedifying, to note the 
assurance with which politicians express confident 
opinions on difficult technical questions as to which 
they are necessarily ignorant. In the present case, 
in moving the rejection of the measure, Sir W. Essex 
declared that the whole thing was a “ flimsy con- 
traption.” From ‘ Who’s Who” we learn that this 
gentleman’s qualifications for posing as an authority 
on structural engineering have been acquired in 
the paperhanging industry, a pursuit which, though 
no doubt harmless and necessary, would be re- 
garded by few as affording an adequate training in 
either the theory or practice of bridge building. 


Tue Sprinc MEETING OF THE INSTITUTION OF 
NavaL ARCHITECTS. 

As probably every member of the Institution of 
Naval Architects is very actively engaged, directly 
or indirectly, in war work, it is gratifying to find 
that a programme of thirteen papers has been 
arranged for the forthcoming spring meeting, to be 
held in London on the 28th and 29th inst. The work 
of adding to and maintaining the efficiency of the 
naval fleet devolves almost exclusively upon 
members of the Institution, while others are occu- 
pied on the important work of building merchant 
ships, particularly of the cargo type, to counter- 
balance the destructive operations of the German 
submarines and mines. In view of this, and of the 
necessity for reticence in all work intended for the 
prosecution of the war, it is not surprising that the 
papers should be more or less of a theoretical tone. 
We are glad, however, that the question of standard- 
isation as applied to the machinery for cargo boats 
is to be discussed, as there is room for free expres- 
sion of opinion regarding the valae of standardisa- 
tion. A contribution on this subject is the first 
paper to be read at the. meeting, and its author is 
Mr. D. B. Morison, who has great experience with 
cargo-ship machinery. The second paper is “ On a 
Method of Obtaining for Ship Design the Spacing of 
Bulkheads according to the Rules of the Inter- 
national Convention,”’ the author being Mr. W. J. 
Lovett, who ‘will no doubt give us the Belfast 
point of view. At the afternoon meeting, on the 
28th, Mr. James Montgomerie, B.Sc., Chief Lloyd’s 
Surveyor at Glasgow, will deal with “ Stress 
Determination in a Flat Plate,’ Mr. E. Ben- | 
venuti, Genoa, will read a paper on “The Clos- | 








ing of all Ship Side Apertures from the Bridge,” 
and Mr. Thomas Graham one on an apparatus for 
inte ing stability for the use of shipmasters. 
It has been found possible to arrange for an evening 
meeting, which is always appreciated, especially 
by the large number of young members of the 
Institution in the London area. Professor Dalby 
will read a paper at it on “ The Strength and Inner 
Structure of Mild Steel.” The second paper is by 
Lieut. W. A. Scoble, R.N.V.R., and is on “ Design 
of Pin Joints based on Ultimate Strength.” On 
Thursday, the 29th inst., meetings will be held in 
the morning and afternoon. Mr. W. J. Luke will 
contribute the first paper of the day on “ Further 
Experiments upon Wake and Thrust Deduction 
Problems,” a subject to which he has devoted a 
large amount of time and experimental research at 
the model tank at Clydebank Yard, and regarding 
which he has made several valuable contributions, 
in papers and discussions, at the Institution. 
Mr. J. J. King-Salter, R.C.N.C., will read the second 
paper on “Some Experiments on the Influence of 
Running Balance of Propellers on the Vibration of 
Ships,” while Sir George Greenhill, F.R.S., will 
contribute the third paper, on “The Theory of 
Wave Motion on Water.” At the evening meeting 
the first paper down for consideration is by Mr. J. H. 
Macalpine, and is on the “Marine Application of 
Reduction Gears of Floating Frame Type.” Mr. P. A. 
Hillhouse, B.Sc., and Mr. W. H. Riddlesworth, 
M.Sec., M.Eng., will jointly contribute a paper “ On 
Launching,” while Professor W. Hovgaard will read 
the last paper, which is entitled “‘ Buoyancy and 
Stability of Submarines.” A feature of the meeting 
will be the first presidential address of the Earl of 
Durham, who took office at the beginning of the 
meeting a year ago. 
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The Submarine Torpedo Boat: Its Characteristics and 
Modern Development. By AttEN Hoar, Junior 
Member American Society of Civil Engineers. New 
York: D. Van Nostrand Company ; London: Crosby 
Lockwood and Son. [Price 9s. net.] 

At the present moment there is probably no subject 
of more universal and immediate interest to all 
nations, belligerent and neutral alike, than the 
potentialities of the submarine, particularly in its 
newer and typically Teutonic réle as the instrument 
of “ frightfulness ”’ chosen by the Central Powers 
for the carrying out of their “‘ blockade” of the 
British Isles. The measure of success which has 
attended the operations of the German submarines 
in their operations against unarmed and slow- 
moving merchant ships, also the well-advertised 
achievement of the Deutschland in its spectacular 
dashes across the Atlantic, have focused attention 
upon the achievements of the later types of sub- 
marine and at the same time have given rise in the 
minds of the non-technical public to some highly 
imaginative but wholly baseless beliefs in the 
powers of the submarine. Singularly little technical 
information on the subject of the construction, 
performances and development of modern sub- 
marines is available to the general public, and it 
is safe to say that at the outbreak of war very few 
people, other than Admiralty officials and those 
actually engaged on the design and construction of 
these vessels, had anything more than a hazy general 
idea of their shape and functions and possible 
performances, and to this fact must be attributed 
many of the misconceptions of the present day. 

It is as yet too early to make any definite assertions 
as to the military value of the submarine as proved 
by the supreme test of war, for, although certain 
outstanding offensive performances have been 
recorded to the credit of both the British and 
German navies, no records have been published as 
to the losses entailed in the achievement of these 
successes, and it is therefore quite impossible to 





| equate effort and achievement in the military sense. 
| It is also to be noted that in practically all the cases 
| of success reported the vessel attacked has been 


either stationary or moving at a speed little, if any, 
in excess of the submerged speed of a submarine— 
the outstanding exception to this being the case of 
the torpedoing of the German destroyer S$ 126 by 
the British submarine E9. As a commerce 








destroyer acting against unarmed, and in the early 


days unsuspecting merchant ships, the submarine 
has naturally achieved a considerable measure of 
success, but even here no record of the cost in 
submarines of the measure of success already 
achieved is available, and it is thus impossible to 
assign an efficiency value to the submarine in this 
sphere of activity. Of the positive results of the 
commerce-destroying activity of the submarine 
there is unfortunately ample evidence, but the 
results obtained to date, by the recently announced 
intensified “‘ blockade” of these islands, are such as 
to lead to the belief that the counter-measures 
adopted are proving successful and will ultimately 
reduce submarine activity to the sphere of furtive 
raids. 

While it may well be that the activities of the 
present types of submarine, whether they be directed 
to their legitimate work of destroying enemy war- 
ships or to the destruction at sight of merchant 
ships, may be effectively checked by the counter- 
measures in use, it by no means follows that this 
state of matters will continue. The very fact of 
failure in certain respects will, along with the 
knowledge and confidence derived from successes, 
provide the necessary lessons and stimulus for the 
design and construction of new and improved types 
of submarine, and so continue the vicious circle of 
destruction which for the present represents progress 
in this branch of engineering science. In his preface, 
written in July, 1916, Mr. Hoar truly remarks that 
“The present European conflict has aroused a 
general interest in the submarine torpedo-boat ”— 
and the developments of the latest phase of German 
submarine activity certainly give point to his words 
and broaden the basis of their application. It is 
therefore with pleasure that we welcome the publica- 
tion at this time of “The Submarine Torpedo 
Boat,” a volume descriptive of the historical and 
practical development of the modern submarine, 
its probable future development, and the means of 
defence against its attacks—the whole being written 
with a view to the requirements of the non-technical 
reader rather than the production of a theoretical 
text-book. 

In the first chapter are outlined the successive 
stages of development from the year 1620, when 
Dr. van Drebbele demonstrated the practicability 
of under-water navigation on the Thames, down 
to the year 1899, about which time the development 
of the submarine, as an effective arm of the naval 
service, may be said to have commenced. A short 
outline of the development of the submarine from 
1900 onward follows, and included in this chapter 
are some particulars of the American M 1, laid down 
in 1914, and the German boats U9 to U 16. The 
first submarines for the British Navy were laid 
down in 1901 at the works of Messrs. Vickers at 
Barrow-in-Furness, and were of the Holland type— 
vessels of which type were at that time doing 
satisfactory work in the United States Navy. These 
vessels were 63 ft. 10 in. long, had a submerged 
displacement of 120 tons, and speeds of 7.4 and 
5 knots in the surface and submerged conditions 
respectively. That steady progress was made in 
the development of this class is shown by the fact 
that the original vessels of the ““ E” class—a class 
which has especially distinguished itself in the 
present war—which were laid down in 1910, were 
176 ft. long, had 800 tons submerged displacement, 
and had surface and submerged speeds of 15 and 
10 knots respectively. Important developments in 
size, speed and offensive power have taken place 
since that date, and particularly under stress of war 
necessity, but of these it can only be said that they 
widen the mental horizon of even the expert in 
submarine design and bring some of the speculations 
of a short time ago into the realm of practicability. 
It is perhaps of interest to note that the figures 


_given for the United States submarine M 1, laid 


down in 1914, and which Mr. Hoar claims as the 
equivalent of any of the foreign boats, compare 
none too favourably with the figures given above 
for the British ‘‘ E ” boats laid down in 1910. The 
corresponding figures for M 1 are: displacement, 
submerged, 630 tons; surface speed, 14 knots; 
submerged speed, 10.5 knots. Nor can one agrec 
entirely with Mr. Hoar in his expressed conviction 
that with the present dual power system a limit to 
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the speed and radius of action in the submerged 
condition has been reached. With the motive 
power for surface running confined to the present 
type of heavy oil engine it may be granted that the 
increase in power required for a larger and faster 
vessel will require an increased proportion of the 
total displacement and a consequent decrease in 
the proportion available for submerged propulsion, 
but it is by no means certain that the heavy oil 
engine has yet reached its maximum efficiency per 
unit of weight, nor are the possibilities of other 
dual-power systems at present in use to be ignored. 

Under the title “ Characteristics and Require- 
ments”? are enumerated many of the troubles 
peculiar to this type of vessel in service, together 
with notes on some of the qualities which it is 
desirable to embody as aids to more efficient and 
comfortable working. In the former category may 
be mentioned the difficulties incidental to the 
effective use of the torpedo armament due to 
several causes, of which the chief are the difficulty 
of estimating the distance and speed of the target 
as revealed in the periscope image and the difficulty 
of keeping the fixed torpedo tubes trained on the 
object. Among the desirable qualities may be 
mentioned increase in controllability when sub- 
merged, reliability of power plant, increase in speed, 
and improvement in habitability for officers and 
crew. All these and other points are dealt with by 
Mr. Hoar. 

Under the heading “Types of Submarines” 
several points of interest are discussed, the first of 
which is the distinction denoted by the terms 
‘“‘ submarine ’’ and “‘ submersible.” To the general 
public the term submarine embraces all war vessels 
capable of service under water ; but to the expert 
the term “submarine” refers to vessels designed 
and used primarily for service in: the submerged 
condition, while the term ‘* submersible” refers to 
vessels partaking more of the nature and form of 
surface craft but capable of being submerged at 
will. As in most modern vessels of the submarine 
class the ratio of power for surface propulsion to 
power for submerged propulsion is very high—in 
some cases as high as 3 to 1---the distinction becomes 
largely a matter of form of hull, and the retention 
of the terms is hardly justified. Broadly speaking, 
modern submarines may be divided into two main 
classes, viz., those in which the design of hull is 
such as to favour stability and propulsion under 
water, and those in which the design of hull is such 
as to favour stability and propulsion on the surface. 
In the former class a single-hull construction is 
used, the section at any point of the length being 
approximately circular and the general outline 
cigar-shaped. The reserve of buoyancy in the 
surface condition is small and the water ballast 
required for submerging is easily contained in tanks 
built into the single-hull structure. About 6 per 
cent. of the submerged displacement is a fair average 
for the reserve buoyancy of this class in the surface 
condition. Jn the latter class a double-hull con- 
struction is adopted, the outer hull conforming 
approximately, and especially as regards its upper 
part, to the form of an ordinary surface vessel of 
high speed, and the inner hull—which extends over 
the greater part of the length—approximating to 
the single-hull type previously described. Part of 
the space between the two hulls is used for the 
stowage of the water ballast necessary to submerge 
the vessel. In the surface condition this class has 
a reserve buoyancy of from 30 to 40 per cent. of the 
submerged displacement, and is consequently more 
seaworthy, and on account of its form. better 
adapted to surface propulsion than the “ sub- 
marine” type. The stability of both classes is 
discussed by Mr. Hoar, both for the surface and 
submerged conditions, in language which does not 
make his reasoning at all clear, but his general 
conclusions as to the superior stability of the 
single-hull type in the submerged condition and 
of the double-hull type in the surface condition 
may be accepted as generally correct. 

The methods of submergence—diving with the 
axis of the vessel inclined to the horizontal and 
controlled by the action of the horizontal rudder 
aft, and the “even keel” method, using hydroplanes 
forward and aft—are examined and discussed, and 
a method of overcoming some of the difficulties 
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incidental to submergence suggested. This method 
consists in the placing of the propellers at the fore 
end of the boat instead of at the aft end as is usual. 
That some benefit would accrue in the matter of 
stability while diving is undoubted, but there 
appear to be serious objections to the proposal as, 
apart from the obvious objections from the point 
of view of screw efficiency and liability to damage 
due to the exposed position, there would seem to be 
a serious congestion of space at the fore end in the 
vicinity of the main torpedo armament of the vessel. 

The chapter on design, embracing as it does the 
questions of type, stability, habitability, radius of 
action, navigation, signalling apparatus and arma- 
ment, as well as the effect of form upon resistance, 
and speed and power estimation, is a somewhat 
long one in which the author seeks to point out the 
relative importance of each of these items. The 
inadequacy of many of the fittings at present in use 
and the direction in which improvement should be 
sought is pointed out, but the whole question of 
design is so involved that it is obviously impossible 
to do justice to it in one chapter and equally un- 
profitable to discuss that chapter in detail. 

That Mr. Hoar is not impressed with the per- 
formances of the Diesel engine as applied to sub- 
marine propulsion is obvious throughout the book, 
and that in many respects his expressed objections 
are sound is amply borne out: by the fact that many 
of the latest boats are being fitted with other prime 
movers. Still, in view of the published per- 
formances of some of the Diesel-engined boats in the 
present war, as well as the known records of service 
of similarly-engined boats, one is forced to the 
conclusion that Mr. Hoar has been peculiarly un- 
fortunate in his experiences with this class of engine. 
His explanation of the successful work accomplished 
by German submarines, viz., the fact that they work 
in relays, spending about a fortnight at sea and a 
similar time at their base, is obviously a stretching 
of this fact to cover possible engine defects, for on 
the showing of the author the time spent at the base 
is necessary for the recuperation of the crews after 
their spell on duty. 

The future development of the submarine presents 
possibilities of a peculiarly interesting nature, not 
only on their own account, but also on account of the 
influence which such development may have on the 
composition of fleets and on the design of the units 
which comprise the modern battle fleet. It is known 
that the size, power and speed of submarines have 
increased enormously since the outbreak of the 
present war, but details of the latest developments 
are, of course, lacking. That there are limits to the 
useful development of the submarine considered as 


a torpedo-boat, or as a cargo carrier such as the | & 


Deutschland, is pointed out by Mr. Hoar, but there 
is much food for thought in the following sentence 
taken from his chapter on “‘ Future Development :”’— 
“The future will unquestionably bring forth a 
submarine capable of operating freely at great 
distances from her base, and combining to a 
certain extent the qualities of a surface cruiser 
and those of the under-water craft.” This forecast 
is of interest as foreshadowing development in size, 
surface speed, radius of action and armament, 
and opens up a wide field of speculative develop- 
ment. The lack of speed and mancuvring power 
of large vessels in the submerged condition, and the 
consequent liability to attack and destruction by 
fast surface craft or by small handy submarines, sets 
a limit to development with the available submerged 
power plant. With’ a continuation of recent 
development it may be expected that the submarine 
of the immediate future will be quite able to hold its 
own in the matter of armament with light patrol 
boats and even the older classes of destroyers. 
Evidence of the increase in radius of action and 
of the use of powerful explosive charges in torpedoes 
is furnished by the work of the German submarines 
in their offensive exploits during the war. These 
successes also indicate the vast importance of 
increased radius of action in enabling the submarines 
to operate at widely distant points and thereby 
enormously increase the expanse of sea which must 
be patrolled in order to secure even a moderate 
degree of safety for merchant vessels. 

Of the problems involved in the suggested develop- 
ments by far the most important is that of propul- 
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sive power. For vessels employed as commerce 
destroyers the problem is fairly simple, for such 
vessels would simply lie in wait—probably in the 
surface condition—on the trade routes till their 
victims came in sight, when they would dive and 
move slowly to a position suitable for the discharge 
of their torpedoes. For such work high speed in 
the submerged condition is not necessary, and the 
case is met by the present arrangement whereby 
power is derived from storage batteries. The case 
of vessels intended to act in conjunction with the 
fleet is altogether different, for in their case a high 
surface speed to enable them to move with the 
fleet and a high submerged speed for manceuvring 
are essential to success, and for these qualities the 
present combination of Diesel engines and electric 
motors and storage batteries is not conspicuously 
successful, owing to the high weight of each power 
system per unit of power. Here the ideal is a 
single-power system for both surface and submerged 
drives, and experiments to this end have been and 
are being made. The weight of a steam installation 
would be considerably less than that of oil engines 
of the same power, and the saving thus gained would 
be available for increasing the power of the sub- 
merged driving installation. Mr. Hoar claims that 
a single-power system giving satisfactory results 
and showing an increased speed and radius of action 
in the submerged condition has been tried under the 
inspection of a United States Naval Board, but no 
particulars of this system are given in the volume 
under review. 

No practical difficulties are to be anticipated 
in the hull construction due to increased size except 
those incidental to the closing of hull openings, 
should these be increased in size. The increase in 
size, together with the probable shipshape construc- 
tion of the upper part of the vessel, should make for 
increased stability in the surface condition, and with 
turbine machinery the lower position of the centre 
of gravity of the machinery should improve the 
stability in the submerged condition. 

The means of defence against submarine torpedo 
attack are of peculiar interest at present, and it is 
freely conceded by the highest authorities that no 
definite solution to the problem has yet been found. 
None the less, such means of defence as have been 
evolved have already given very satisfactory results, 
and may be depended upon to do even better. 
While a number of possible means of defence are 
discussed, no fresh light is thrown on the problem, 
and Mr. Hoar expresses his belief that the best 
means of defence lies in the provision of a sufficient 
number of high-speed patrol boats of small size 
and light draught and suitably armed with a light 
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Chapters on “ Tactical Evolutions of the Sub- 
marine’”’ and “‘ The Torpedo and Submarine Mines,” 
the former dealing with the employment of the 
submarine in coast defence, raiding, and fleet 
actions, and the latter mainly descriptive of the 
origin and development of these weapons, complete 
the volume. 

To those who have made any study of the subject 
of submarine navigation there is revealed little of 
novelty, but none the less the volume will prove of 
much interest and value to many who, at this time, 
are anxious to gain reliable information as to the 
design and construction of the modern submarine 
and its possibilities in the immediate future. The 
text is supplemented by a large number of excellent 
photographs and diagrams, which will be found of 
great service in conveying correct impressions of the 
different types and of the interior arrangements. 
The author is evidently of opinion that Britain has 
devoted too much time to the devising of means of 
defence and too little to the development of the 
submarine, but one reaches the end of his volume 
with a comfortable feeling that perhaps after all the 
British authorities knew what they were about, 
and with the profound conviction that our achieve- 
ments in the matter of design and construction of 
this class of vessel will bring no discredit on our 
position as the premier Naval Power. 





Tue Instirvre or Maxine Enorneers.—The annual 
meeting of this Institute will be held at the Minories, 
Tower-hill, London, E.C., on Friday, May 18, 1917, at 

7 p.m. The president nominated by the council is 
| Mr. Richard H. Green. 
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THE GERMAN 42-CM. HOWITZER. 

We quote from the last issue of the Journal of the 
United States Artillery the gevre 3 interesting notes 
on the chief features and methods of handling the 
German 42cm. Howitzers :— 





These notes are the result of an accidental encounter 
with one of the 42-cm. howitzer batteries while on a visit 
of inspection to the 6th German Field Army, on the 
Arras section of the west front, between October 1 and 8, 
1915. The battery was first met on the road at Henin- 
Lietard, near Lens, on October 1, where the officer in 
charge explained the system of transportation. On 
October 5 the battery was again inspected by special 
permission, this time on the road near Pont Maudit, 
when the loaded wagons were uncovered and a number 
of the details explained. On October 8 the battery was 
inspected in a firing position near Estevelles, while 
bombarding Loos, which had been taken by the English 
on September 25, during the recent great offence of the 
Allies. 

Method of Transportation.—The battery consists of 
two pieces. Each piece with its carriage and maneuvring 
appliances is transported on five steel-framed carriages 
with built-up riveted steel wheels. Each carriage is of a 
special design to suit its load. Each wagon is drawn by 
a motor tractor, to which it is close-coupled by a yoke 
and coupling pin. The whole battery, therefore, com- 
prises 10 units, each unit being made up of a wagon and 
motor. In addition, four other ordinary motor trucks 
of 4 or 5 tons capacity accompany the battery, carrying 
small parts, supplies, &c. Owing to the size of the units 
the battery takes up considerable road space and makes 
a formidable appearance. When inspected on the road, 
all wagons were covered with freshly-cut boughs, as 
a screen against aviators, and care was taken, when 
halted, to stop under the trees bordering Chaussee. The 
loaded wagons are normally covered closely with tar- 
paulins, so that nothing can be seen. 

The wagons of each piece are numbered and designated 
as follow :— 

No. | wagon, the appliance wagon, carries the material 
required in assembling the howitzer and carriage and for 
dismounting same. 

The principal item of the load is the four-legged gin 
and winch, with block and tackle. The legs of the gin 
are hollow steel spars fitted with couplings. The 
appliance wagon also carries heavy steel anchor pins, 
snatch blocks, and certain parts of the carriage, such as 
elevating and traversing gear, loading cranes, &c. 

No. 2 wagon, the platform wagon, carries a one-pieced 
steel-frame — d platform, with two box-girder steel 
rails for hauling the carriage into place on the platform. 

No. 3 wagon, the cradle and spade platform wagon, 
carries the howitzer cradle and a huge spade of special 
construction, to be described later. 

No. 4 wagon, the carriage wagon, is the carriage proper 
of the piece, the hind wheels of the wagon constituting the 
carriage wheels as in a field gun, the front wheels of the 
wagon being used only for road transport and being 
uncoupled from the trail and replaced by the spade when 
the piece is mounted for firing. 

No. 5 wagon, the howitzer wagon, carries the piece, 
which is supported in the grooved side rails of the wagon 
by projecting ribs on the side of the howitzer. 

Motor Wagons.—The motor wagons attached to 
No. Lare larger and more powerful than the others, having 
motors of 60 to 80 h.p., and being provided with a 
steel-cable drum slung under the chassis. This drum 
is driven by the engine and is used for the purpose of 
hauling the different wagons on and off the platform. 
The motor wagons attached to wagons 2, 3, 4 and 5 
have engines of 40 to 50 h.p., and are of different systems 
and manufacture, with the avowed intentions of trying 
out the different types of motor tractors under service 
conditions. Among the manufacturers noted are 
Daimler, Benz, Pedens and Pohl. All motor tractors 
are essentially of the same type as developed in Germany 
for agricultural purposes. They all have cleated rear 
wheels about 8 ft. in diameter, with tyres 12 to 14 in. 
broad, In the Pohl system the rear wheels have, in 
addition to the cleats, a system of steel blades operated 
by an adjustable eccentric on the axle, and working 
through slits cut at right angles through the steel rim. 
By proper adjustment of the eccentric these steel blades 
can be set to project beyond the surface of the steel rim, 
and thus afford a better grip on the ground than is 
possible with the fixed cleats. This arrangement is 
similar to the feathering arrangement sometimes used 
on the paddle-wheels of steamers, and is stated to give 
increased adhesion, particularly on soft ground. 

All engines on motor tractors are four-cylinder, water- 
cooled, with magnetic ignition, of simple but rugged con- 
struction. Transmission of power to the rear axle is by 
chain drive. Steering is effected through the medium of 
a quadrant and a chain, much the same as is used in 
heavy road rollers. One make of tractor had but one 

wheel on the front axle. 

Assembling of the Piece and Carriage.—For convenience 
in assembling the piece and carriage in the firing position 
the various wagons of the battery are formed in column 
with the two No. 1 wagons at the head, followed by the 

two No. 2 wagons, then the two No. 3 wagons, and so on. 
When travelling on metalled or hard roads the wagons 
carrying parts of the carriage and the piece move on 
their ordinary wheels, which have smooth steel rims 
about 10 in. wide. When moving over soft ground, 
such as when leaving the road to move into a firing 
position, caterpiller rims or girdles are fastened to the 
front and rear wheels of the loaded wagons. These rims 


some 5 ft. 6 in. in diameter, and of eight segments for 
the front wheels, which are about 3 ft. 6 in. in diameter. 
The position of the emplacements having been deter- 
mined, and the caterpillar rims attached, the column is 
moved by the head to the designated position. Each 
No. 1 wagon pipe | to the emplacement of its piece 
is followed by the other wagons pertaining to that piece. 
No. 1 wagons are halted at the emplacements and, after 
erecting the gins and unloading their loads, are hauled 
aside. The motor tractors of the No. 1 wagons then 
take up their position a short distance in front of the 
emplacement, from which point they can haul the 
remaining wagons up on to the platforms by means of the 
cable drums. If the ground does not admit of a straight- 
line pull the tractors are located at any convenient 
point and the cable led around a snatch block to an 
anchorage. 

No. 2 wagon is then hauled under the gin and the 
platform lifted clear by the gin, after which the wagon 
is hauled away and the apemna lowered to the ground, 
previously levelled for this purpose. When the ground 
is firm no other preparations than the levelling are 
required. When the ground is soft various cagedicnts 
can be employed, either excavating to a firmer founda- 
tion, filling in with broken stone, or laying of a grilla, 
of planks. The steel — is lowered upon the 
prepared surface, carefully levelled, and oriented in the 
general direction of the fire. 

No. 3 wagon is then hauled on to the platform, using 
the steel box-rails for this purpose, and the spade un- 
loaded and temporarily laid on the ground. The cradle 
is then hoisted clear and the wagon hauled away, leaving 
the cradle suspended from the gin. No. 4 wagon is then 
hauled on to the platform, with caterpillar wheels 
attached, and approximately centred on -the platform. 
The cradle is then lowered into the carriage, the cradle 
trunnions resting in the trunnion beds. The front 
wheels of No. 4 wagon are then uncoupled from the 
wagon and removed. 

o. 5 wagon is then hauled up, its side rails being 
brought into line with grooves on the inside of the cradle, 
and the howitzer pulled off, the machined ribs on the 
side of the barrel engaging in grooves in the cradle as 
they leave the grooved side rails of the wagon. The 
spade is then hauled into position and coupled to the trail 
of the carriage, the traversing and loading gears assembled 
leaving the piece ready for firing. The battery 
commander stated that under favourable conditions 
the battery could be set up for firing in three hours. 

The Spade.—An interesting feature of the mount is the 
*‘sporn,’ or spade, which serves both to check recoil 
of the carriage and as a traversing rack for changing 
direction horizontally. It consists, essentially, of a huge 
segment of a circle of peculiar radial cross-section, being 
built up of steel re and frames, measuring about 
11 ft. on the chord. The radial cross-section measures 
about 5 ft. high and 6 ft. broad overall. The upper 
surface of the spade is in two levels, on the lower of 
which rests and slides the carriage-trail. In the vertical 
surface connecting the two upper levels lies a rack into 
which a pinion, fastened to the trail, engages. By 
operating the hand wheel on the pinion shaft, lateral 
motion is imparted to the trail. To the lower leg of the 
spade are bolted six blades, each approximately 2 ft. 
wide, which engage the ground and check the recoil of 
the carriage. If needed, a trench can be dug for the 
lower edge of the spade, and the back of the trench filled 
with broken stone or gravel well tramped into place to 
secure better resistance. 

The Caterpillar Rim.—The caterpillar rim consists of 
a double row of shoes, the outer shoes being about 
22 in. wide by 26 in. long and 2 in. thick, apparently 
of solid steel. The inner shoes are flanged so as to engage 
the wheel rim, and are hinged to the outer shoes at their 
middle. The slack of the girdle is such that at least 
two of the shoes lie flat on the ground, and but for a 
small sector of arc three shoes are on the ground. The 
arrangement therefore insures that the weight of the 
wheels is always distributed to the ground through at 
least two outer shoes, resulting in such a distribution of 
weight as to enable the wagons to be hauled over soft 
ground. In this connection the battery commander 
stated that the motor tractors with caterpillar wheels 
could haul their loads over considerable obstacles, such as 
deep road ruts, shallow side ditches, low banks, &c. 

The Howitzer.—A more graceful and well-proportioned 
piece of ordnance could not well be imagined than the 
German 42-cm. gun. The bore between the lands 
measures exactly 42 cm., although the gun does not look 
so large. The thickness of the metal at the muzzle 
is surprisingly thin, not over 3} in. by estimation. The 
length of the gun over all is exactly 5 m., determined by 
measurement. The diameter of the breech is about 
4 ft. The fermeture is the well-known Krupp sliding 
block, and is completely opened or closed by r+ ae turns 
of the operating crank. 

Personnel.—The personnel of the battery consists of 
280 men, coommmandiod by a captain. Of the men, 200 
are foot artillerists and the remainder are chauffeurs and 
mechanicians, most of them from the shops of the several 
motor truck manufacturers and from the Krupp works. 
An ordnance expert from the Krupp works was attached 
to the battery as a Lieutenant of the Reserves. In the 
actual firing of the battery 25 artillerists were required 
at each piece. 

Ammunition and Ranges.—The shell weighs about 
820 kg., or about 1,800 lb. It is about 34 or possibly 
4 calibres long, and has the ordinary ogival head. The 
powder charge is contained in a large brass case about 
18 in. high. The most effective range, namely the one 
giving the maximum accuracy, was stated to be 9,400 m. 
The maximum range is much greater, but no information 
would be given on this point. The ammunition is 





consist of 12 segments for the hind wheels, which are 


not encountered, and no details as to loads or number 
of wagons could be obtained. 
Firing.—On October 8, 1915, this battery was observed 
while firing on the English position at Loos, for which 
urpose it had been emplaced in a quarry pit pertaining 
to a cement mill near Kstevelles. The floor of the pit 
is about 18 ft. below the general surface of the ground, 
and is entered by a ramp with a slope of about 1 in 8. 
The howitzers were set up close to the almost Poy nee 
dicular bank of the pit, about 150 ft. apart. each 
side of each piece was a shell and powder store, formed 
by a slight excavation in the bank and covered by 
paulins. é 
In loading, the pieces are brought to a horizonta] 
position. A shell is brought from the shell store on 
planks laid on the ground and placed under the loading 
crane, from which is suspended a shell tray. The shell 
is rolled on the tray and clamped in place, a brass case 
with the powder charge is set on the frame forming part 
of the tray, and the whole load hoisted by the crane, 
six men age the hoisting crank located near the 
end of the tray, three on each end. The tray is centred 
in the breech and the shell pushed into the chamber. 
The rammer staff, which is comparatively short, has 
knotted ropes fastened to its rear end; these ropes are 
led forward and, with some dozen men manning the staff, 
the projectile is rammed into its seat, giving forth the 
clear metal ring that indicates good centring. While 
ramming, the men stand on the trail of the carriage and 
on the upper surface of the spade. The brass case con- 
taining the powder charge is then lifted from its frame 
and pushed into the powder chamber, after which the 
piece is elevated by the elevating crank in the front and 
traversed by the traversing gear in the trail. Sighting 
was, of course, indirect, the sighting point being a staff 
lanted in the ground — the rear edge of the pit. 
Firing was by lanyard, the man pulling it sometimes 
standing on the ground and sometimes remaining astride 
of one cheek of the carriage and taking a short hold on 
the lanyard. 
The recoil of the gun is about 4 ft., and it moved back 
and forth easily without jar. Careful observation of 
the spade failed to disclose any visible motion. As the 
battery was fired at ranges from 7,600 to 7,800 m. 
(8,311 to 8,530 yards) the elevation was considerable, 
apparently about 40 deg. The high elevation, as well 
as the firm stony ground of the quarry, were both 
favourable to checking horizontal motion. It should be 
stated here that the cradle has two recoil cylinders and 
two return cylinders, one each above and below, and 
surprisingly small for so powerful piece of ordnance. A 
slight splinter-proof steel shield is also attached to the 
front of the carriage. 
Fire control was from captive balloons and possibly 
also from a land station as it was stated that fire was 
being observed from three points. After each shot the 
results were telephoned to each gun, there being a 
telephone station between the guns. The blast effects 
were considerable, but not disagreeable to observers 
standing on the edge of the quarry pit in rear and about 
80 ft. from the guns. The roof coverings of the buildings 
of the cement mill, located about 150 ft. in front, were 
lifted and dislodged. The battery fired seven shots in 
294 minutes by actual timing, counting from the first 
shot. There was not a single hitch or delay with either 
piece, although this was the first time the battery had 
been fired in the field, it being entirely new and fresh 
from the Krupp works at Essen. 

Weights.—The weights of the loaded wagons vary 
somewhat, but average about 15 tons. The motor 
tractors also vary, those of wagon No. 1 being the 
heaviest and also weighing about 15 tons. On fairly 
good and level roads the battery travels about 10 km. 
per hour. 





Year-Book or Screntiric AND LEARNED SOCIETIES. 
—We have received from Messrs. Charles Griffin and 
Co., Limited, Exeter-street, Strand, a copy of this year- 
book for 1916, the thirty-third annual edition, which 
they issue at 7s. 6d. net. It covers the scientific and 
learned societies of Great Britain and Ireland, and gives 
the names of the officers of each body. the dates of meet- 
ing, the fees, and the titles of the papers read during the 
session 1915-16. 





Tue Avromatic Conrrot or TRa1ns.—In his report 
upon the collision which occurred on the London and 
North-Western Railway at Wigan, on December 19, 
between two passenger trains, Lieut.-Colonel E. Druitt 
stated that to prevent collisions under the conditions 
which obtained in that instance the only solution would 
appear to be the automatic control of trains, by which 
the brakes are applied when a signal is passed at danger. 
He considered that to do this effectively a full application 
of the brakes should be made if a stop signal were passed 
at danger, and it would be a further precaution on the 
side of safety in such cases if the driver were unable to 
release the brakes until the train had come to a standstill ; 
but details of the necessary appliances could only be 
decided by actual experience. Colonel Druitt added 
that systems of automatic control have been under trial 
by several railway companies for some time, but the 

uestion presents many difficulties, for it is manifest 
that with so much inter-running of one companys 
engines over other companies’ lines, any system, to be 
really effective,, must be universal throughout the 
country, and it is possible that there may be more such 
inter-running in the future. Owing to existing con- 
ditions the matter has not progressed so quickly as 11 
otherwise would have done, but it is to be hoped that it 
will be settled in due course. Similar remarks on the 
automatic control of trains were made by Col. J. W. 
Pringle, in his report upon a collision which occurred on 





transported in a special motor truck column which was 


the same day, at Kirtlebridge, on the Caledonian Railway. 
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THE NEED OF SAFETY VALVES ON 
HEATING BOILERS. 


Durinc the recent severe frost a large number of 
explosions of oor agg boilers have occurred, in 
many cases resulting in loss of life and serious damage 
to property. With a view to drawing attention to the 
necessity of taking steps to prevent these so-called 
“accidents,” the following particulars of an explosion 
which occurred on February 7 last on the premises of 
Mr. T. Halstead Sellen, rag, woollen and waste-paper 
merchant, Knowsley-street, Bury, may be instructive 
and of interest. 

The boiler was of the ordinary circulating type used 
in connection with the heating apparatus on the premises 
named, and when the explosion occurred two women 
were warming themselves at the fire; one of them, 
Mary Ann Lomax, rag sorter, was killed, and the other 
severely injured. 

At the inquest, conducted by Mr. 8. F. Butcher, 
district coroner, Mr. Sellen, the owner of the boiler, 
was represented by Mr. J. Chapman, solicitor, Man- 
chester, and Mr. H. J. Owner, H.M. Inspector of Factories, 
was also present. After the medical and other evidence 
had been taken James Braid deposed that he was fore- 
man at the Knowsley-street mill, and had been employed 
in that capacity about three months. It was part of 
his duty to look after the ey gran and during 
the whole of that period it appeared to have 
worked satisfactorily. The boiler was used for heating 
purposes only. In reply to the coroner, witness said that 
he tested the pipes in the second room and at the inlet 
half, and they were warm. He also tested what was 
called the “expansion”’ pipe, but did not thoroughly 
understand what the pipe was for. About a quarter 
past 10 he heard a loud explosion, and found that the 
boiler had burst ; he also ascertained that the deceased 
and another woman were missing, but they were found 
shortly afterwards and properly cared for. All the 
experience he had had was when he looked after another 
heating apparatus in the town; he had no knowledge 
whatever of the system of working the boiler, except 
just firing it up, and there was no valve or anything to 
warn him as to the necessity of keeping the pipes clear of 
obstruction so that the circulation might be complete. 
In reply to Mr. Owner (factory inspector) witness said 
that he tested the pipes by feeling them with his hands, 
and if they were warm he considered they were working 
all right. 

Mre Owner: Was there anything, either on the boiler 
itself or on the piping connected with it, whereby you 
could tell there was water in the boiler? Was there 
any gauge, stop-tap, safety valve, or anything of that 
kind ?—No. 

Mr. Owner: The only means by which you could tell 
whether it was working right or not was by the pipes ?— 
Yes. No one gave me any instructions as to how to 
work the boiler when I commenced to look after it. 
No one had been to examine the boiler while he had been 
there. There was no pressure gauge on the boiler. 

Mr. T. Halstead Sellen, The Nook, Birtles, near Bury, 
said he carried on the business of a paper merchant at 
the Knowsley-street mill. The boiler measured about 
4 by 3 ft.; he did not know what it was made of until 
after the explosion, It had been working at his mill 
about five years, having previously been fixed at the 
Radcliffe Technical School. It had worked satisfactorily 
whilst he had had it, and had been used every winter. 
He had no knowledge personally of heating systems 
or of boilers. The pipes from the boiler were only 
used to heat the second storey. He had not tested 
them on the morning of the explosion. The noise when 
the boiler burst was like that of falling masonry. The 
boiler had been put in originally by Messrs. Bentley 
and Sons, of Bury, or their executors. It had not been 
insured, nor had it been recently inspected. Personally, 
he knew something of the method of feeding the boiler, 
but had no real knowledge of engineering matters, nor 
had anyone else about the place. When the boiler was 
put in he had no written or printed instructions with 
regard to working it, and as he put the matter into 
competent hands he naturally concluded that due pro- 
vision had been made for a constant supply of water to 
the boiler. 

Mr. James Bentley, Manchester-road, Bury, manager 
for the executors of Messrs. Joseph Bentley and Sons, 
sanitary engineers and plumbers, Fishpool, Bury, said 
he made an examination of the exploded boiler on 
February 12. It was a wrought-iron saddle boiler, made 
of plates 4 in. thick, welded together, there being no 
seams. It was put in four years ago last December, 
and was a second-hand boiler, having been previously 
worked at the Radcliffe Technical School for six or 
seven years. When it was put in at Knowsley-street it 
was in splendid condition. 

By the coroner: There was no safety valve attached 
to the boiler, and the only means of preventing undue 
pressure was the expansion pipé, which was an open- 
ended one. The boiler was fed from a cast-iron cistern 
in the top storey, and the diameter of the feed pipe was 
} in. internal bore, the water entering at the bottom of 
the boiler. The hot water went out at the top by means 
of a 2-in. wrought-iron tube, internal diameter, returning 
to the place from which the boiler was fed. 

Answering further questions, the witness said the 
expansion pipe was at the end of the outward journey, 
and was at the highest point, having an open end over 
the cistern. It was the ordinary domestic system of 
heating. The total length of pipe heated was 400 ft., 
but the boiler had a ee of heati 1,200 ft. with 
4-in. piping. On the Monday before the explosion he 
cut the main pipe close to the expansion pipe on the inner 
side, and water commenced to run out, and he saw small 
particles of ice going towards the boiler. The expansion 





pipe was clear at both ends. When he cut the pi 
was an indication that it had been choked by ice between 
the expansion pipe and the boiler. He next cut the 
2-in. pipe at the further end away from the boiler, and 
found it completely solid with ice. He went to examine 
the place on the Thursday, and found the boiler de- 
molished. He did not find anything more until the 12th. 

The Coroner: Substantially, what it amounts to is 
that supposing there was choked-up ice or anythin 
of that sort, the area of the boiler would be extend 
into the pipes, and there would be no relief except by 
the expansion pipe ?—That is so. 

And if choked between the boiler and the expansion 
pipe it simply became one large boiler !—That is so. 

Would it not have been feasible to have fitted a steam 
escape valve or something of that kind 1—It would. 

Why was it not done ?—There was no provision on the 
boiler, and it worked satisfactorily at the place it came 
from. 

The Coroner: The same with a kitchen boiler ? 

Mr. Owner: No difference, only you have a good 
accumulation to get a supply from. 

The Coroner: Do you consider the kitchen boiler 
system a satisfactory one where any other system could 
be utilised ?—I do not. 

You don’t like the kitchen boiler system ?—No, 
I don’t. 

The difficulty is to fix a safety valve on a kitchen 
boiler ?—That is so. 

Here there would not have been any difficulty at all 1— 
No, except that it was not fitted for one. 

You could have put one on, could you not ?—We 
could. 

Why did you not ?—It always worked satisfactorily 
without. . 

It is a rotten, bad system, and why do you 
it, when you know it is a bad system and can 
in cases like this ?—No reply. 

The Coroner (continuing): You men who are experts 
have to lead the way, and not we men who know nothing 
about it. 

Answering the coroner's further observations, witness 
said there was an air-tap on the return pipe, and by 
opening that tap it could be ascertained whether circula- 
tion was going on. 

The Coroner: Are you satisfied the explosion arose 
through the choking-up of the pipes by ice ?—Yes. 

Mr. Owner: Do you mean by that last answer that 
the boiler might have had ice in it ? 

It might have. I was satisfied the tubing was solid 
with ice practically down to the boiler, but I do not 
say there was ice in the boiler at the time of the explosion, 
but probably there was. 

You would not have had much steam or pressure if 
there was ice in the boiler ?—You might have had a 
little pressure in it. 

Mr. Owner: We have evidence which contradicts 
that. Braid says on the morning of the accident he felt 
the pipes warm, and therefore concluded the circulation 
was working all right, so your opinion about having ice 
in the boiler could not be right ?—No. 

Mr. Owner: Neither could it be right about the out- 
going pipes having ice in if what Braid says is correct. 

When you examined it with me on the morning after 
the accident you found the expansion pipe solid with 
ice at the outlet end; that would mean that the whole 
pressure from the boiler was bottled up between the 
boiler and the expansion pipe without any relief ?— 
Yes. 

So that the small relief pipe could not act at the time 
of the accident ?—Quite so. 

Replying to further questions, witness said there was a 
test tap on to draw water off on the return journey. He 
did not think there was any difficulty in fitting a gauge- 
glass on that kind of boiler, and he thought it would be 
an advantage to have one when men did not know much 
about it. The tank was frozen over the morning after 
the accident. The boiler was not made to carry any 
pressure of steam. 

The coroner, in summing up, said that there was not 
the slightest doubt that the woman who had unfortunately 
been killed had met her death through the explosion of 
the boiler, and what the jury had to determine was 
whether anyone was guilty of criminal neglect. He 
thought the witnesses Braid and Sellen were free from 
blame. It was admitted that the installation was not 
a satisfactory one. Either the plumbing industry was 
not sufficiently enlightened to see everything that might 
happen, or was accustomed to accept certain risks. It 
was unfortunate that the boiler had been installed and 
used as it had been. They all knew the dangers of 
domestic boilers, and he onal have thought that experts 
skilled in that line would have said that such installations, 
where they could be avoided, should not be placed where 
people had to earn their daily bread. But the boiler 
was there, and he thought the jury would probably say 
that it was, looked at in retrospect, an error of judgment 
on the part of the people who put it in, but not gross 
negligence. If boilers of that description were going to 
be put in after the experience of this winter, there 
certainly would be a number of plumbers sent to take 
their trial for manslaughter, and a very good thing, too. 
He might as well speak plainly. It would be a very 

od thing if some plumbers were sent to take their trial 

or manslaughter if they put that kind of installation 
in when it could be avoided. He thought it would be a 
very good cure for a rotten system. Probably Mr. 
Bentley had followed the practice, but he did not think 
that the jury would find from the evidence what would 
justify them in sending him for trial. : 

The foreman (Mr. Mould) said he thought it was a 
case of accident, and that it was a piece of neglect. 

A verdict of ‘‘ Accidental death ’’ was returned. 
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It will be seen from the evidence given above that 


there | 


this is another illustration of the necessity of fitting 
these circulating hot-water boilers with a small reliable 
deadweight safety valve. Years ago the opinion was 
too generally entertained that an explosion of a kitchen 
or a@ circulating boiler was caused by the stoppage of 
the pipes with ice, but that when the ice thawed, as it 
might with the presence of a fire, or change in the 


weather, the cold water rushed into what was sup d 
to be a red-hot boiler, with the result that the boiler 
rent, with disastrous results. It took a long time for 


the users of these boilers, householders and others, to be 
taught that explosions were caused, not by the contact 
of cold water with red-hot plates, but through the 
accumulation of pressure in the boiler due to the cireu- 
lating pipes being choked with ice. In some cases very 
serious explosions have occurred during the summer 
months, and these were due to accumulation of pressure 
through the misuse of stop-taps. The great number of 
accidents that have occurred during the recent weeks 
of frost certainly shows the necessity of the dissemination 
of sound knowledge upon these matters, and it is 
surprising that so many people seem to be still ignorant 
of the fact that no boiler need burst if equipped with a 
reliable safety valve as already stated, and which can, 
as a rule, be readily applied and easily kept in good 
working order. 





Tue Late Mr, AtrreD Epwarp WuitTr.—We regret 
to have to record the death, which occurred on Thursday, 
the 8th inst., at a nursing home in Bournemouth, of 
Mr. Alfred Edward White, late city engineer of Hull. 
Mr. White went to Hull as an assistant engineer in 1878 ; 
he was appointed city engineer in 1887, a position which 
he occupied until October, 1914, when he retired. He 
became a member of the Institution of Mechanical 
Engineers in 1882; an associate member of the Institu- 
tion of Civil Engineers in 1881, and a full member of that 
Institution in 1895. During his period of activity in 
Hull Mr. White reconstructed the Victoria Pier and 
the ferry boat dock. Later, he built the sewage- 
pumping stations, the refuse destructor, the cattle 
market, several bridges, the East Hull baths, and the City 
and Evan Fraser Hospitals. The Hull tramway system 
is reckoned among his most important undertakings. 
Mr. White was 61 years of age. 





Navat Orricers’ War Service.—There has been 
published in handy form, at the price of ls. 6d. net, from 
the offices of ‘‘The Royal Navy List,” 326, High 
Holborn, London, W.C. 1, a record of the naval war 
services of officers of the Navy, of the Naval Reserve, 
and of the Air Service, the Voluntary Reserve, and of 
the Royal Marines. From this it appears that 18 
Victoria Crosses have so far been awarded to the Naval 
Service, including that to the boy Cornwall, to a seaman 
of the Reserve and to an able seaman of the Fleet. There 
is given, in alphabetical order, the war services of all 
officers, and these, it need scarcely be said, form a most 
interesting record, which will be welcomed by all 
interested in the Navy. Appended to the book is a 
diary of events of the war, so far as these have been 
participated in by the Navy. It may be added that 
such information is reproduced from ‘‘'The Royal Navy: 
List,”’ which now constitutes a ‘‘Who’s Who in the 
Navy,” and is published annually at 10s. 





Weicuts AND Mrasvures (Metric) Bux, 1917.—A 
Weights and Measures Bill, drafted by the Associated 
Chambers of Commerce, is now being circulated through - 
out the country for consideration and criticism. Although 
nothing of the kind has happened in any “ metric” 
country, some British manufacturers fear that the 
ae adoption of the metric system in this country 
would necessarily involve the immediate scrapping of 
all their existing machines, patterns, tools om other 
workshop standards. It should therefore be known that 
to overcome this difficulty the following clause has been 
inserted in the Bill :— 4 (a) ** Provided that nothing in this 
Act shall affect the manufacture or use of any machinery, 
tool, pattern, sieve, template, or other article made by 
measures other than metric measures,”’ The passing of 
an Act on the basis of the proposed Bill would thus 
mean that, while we should all be required to buy and sell 
in metric quantities, we should be at liberty to continue 
the use of our existing weights and measures for manu- 
facturing purposes until such time as we ourselves 
chose to amend them, 





British Encine Bower anp Evectrricat Insurance 
Company, LimitED.—The annual meeting of the above 
company was held on the 9th inst., at the company’s 
head office in Manchester, when Mr. R. Charles Long- 
ridge (chairman) announced that the results of the 

receding year’s operations had been most satisfactory, 

ving regard to the conditions under which business 
had been carried on. There had been a marked growth 
in the number of firms insuring their plant against 
breakdown, with the result that the premium income 
had increased from 117,112/. to 125,851/.—the largest 
advance in any single year, with one exception, since the 
formation of the company. During the year, however, 
they had felt the effects of a noticeable increase in the 
cost of repairs and in the cost of travelling expenses ; 
while, further, the company was cheerfully bearing the 
additional expenditure involved in making up to the 
men who were serving with the Forces the difference 
between their army pay and their salaries. The profit 
earned, nevertheless, showed only a small reduction 
from the previous year. The company was gratified 
by the honour conferred upon its chief engineer, Mr. 
Michael Longridge, M.A., M.I.C.E, M.I.M.E., who has 


been elected to the position of President of the Institution 





of Mechanical Engineers. 
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LOCOMOTIVES FOR THE PARIS AND 
ORLEANS RAILWAY. 

WE illustrate on Plates XIX and XX, this week, 
one of a number of locomotives lately constructed by 
the North British Locomotive Company, Limited, of 
Glasgow, for the Paris and Orleans Railway. The 
engines have been built to designs and specifications 
supplied by the railway company, and are of the 
4-6—-) type. The general design is well shown by 
the photograph, Fig. 1, reproduced on Plate XIX, while 
Figs. 2 and 3, on Plate XX, show end views, and 
Fig. 4, on the same plate, is a diagrammatic represen- 
tation of the type, giving the leading dimensions, &c. 

The engines are non-compound, and have outside 
cylinders 19}} in. in diameter, with 25,%;-in. stroke, 
fitted with piston valves having inside admission. 
By-pass valves are provided to establish communica- 
tion between the two ends of the cylinders when the 
engine is running with steam shut off. These valves 
are operated by a cylinder fixed on the side of the 
smoke-box, a supply of steam from the main steam 
pipe closing the valves when the regulator is opened. 
When steam is shut off the by-pass valves are opened 
by the action of a heavy cast-iron weight fitted to a 
lever on the actuating shaft. Spring load relief valves 
are also fitted to the front and rear cylinder covers. 
The valve gear is of the Walschaert type, and its 
general design is seen clearly in Fig. 1. Screw-gear 
is provided for reversing. 

The boiler is of the Belpaire pattern and made for a 
working pressure of 170 lb. per square inch. The 
boiler barrel is 4 ft. 112 in. diameter inside the largest 
ring, and is 14 ft. 5} in. long between tube plates. 
The fire-box casing is 9 ft. 104 in. long, and the copper 
fire-box is fitted with a rocking grate having a rocking 
grate provided with a drop plate at the front end. 
The boiler is fed by two No. 10 Friedmann injectors, and 
is fitted with a Schmidt superheater, having twenty- 
one elements, and with two Coale safety valves. 

The main frames of the engine are of steel plates and 
are of good depth, as seen in Fig. 4, which also shows 
the distribution of the wheels and their diameters. The 
brake system is of the Westinghouse type with a two- 
stage pump, and with brake blocks acting on all the 
coupled wheels, while there is also a counter-pressure 
brake on the Lambert Sander system. The engine is 
also fitted with a Hausshaelter speed indicator and one 
Detroit lubricator with five feeds. A heating system, 
using steam and compressed air, on the Lancrenon 
system is also provided. 

For convenience of reference we subjoin a statement 
of the chief dimensions of these engines in both English 
and metric measures :— 
ft. 
0 


in. mm. 
500 
650 
1,760 
860 
3,900 
7,700 

sq. m. 


118.5 


Diameter of cylinders 
Stroke of pistons ... pe 
Diameter of coupled wheels 
bogie wheels... 
rigid ... 

» » total ane 
Heating surface ; tubes (in- 

side) lea 
Heating surface ; 


9° 
Wheel base, 


fire-box 


total 
surface 


» °° +e 
Superheater (out - 
side) pete 
Total ... - “ 
Tractive foree with 75 per 
cent. of boiler pressure in 
cylinders age ane 
Weight in working order: 
On coupled wheels 
Total 


Ib. 
18,220 
tons cwt. 
48 16 
67 17 
ft. in. 
4 8} 


tonnes. 
49.5 
68.9 
mm. 


Gauge of railway ... 1,440 





TWIST DRILL GROOVING MACHINE. 

We illustrate on this page a simple but effective 
type of machine, recently introduced by Messrs. 
Isaac Best and Co., Limited, of Newton Heath, Man- 
chester, for cutting the spiral grooves on twist drills. 
The machine can be adjusted, at will, either to cut these 
grooves of the same depth throughout, or to cut them 
to a depth which gradually diminishes from point 
to shank, or, as a third alteriative, with parallel 
grooves for some distance from the point, thence 
gradually diminishing in depth as the shank of the 
drill is approached. 

We show in Figs. 1 and 2 two patterns of the machine. 
The photograph, Fig. 1, represents a single-cutter 
machine for drills up to } in. diameter, whilst the 
line drawing, Fig. 2, shows a machine ‘for large drills 
in which both grooves are cut simultaneously. Each 
machine embodies, however, the same general idea, 
though there are some modifications in detail. The 
blank to be cut is mounted in a chuck, which is shown 
in place in Fig. 1, but is omitted in Fig. 2. This 
chuck is given a screw motion of the required pitch 
by means of the quick pitch screw a, Fig. 2, which 
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to the bedplate of the machine. Both screw and 
nut can be replaced by others when a different pitch 
is required. The cutter heads b, 6, Fig. 2, are mounted 
in brackets, each of which is pivoted about the axis 
of the shaft carrying the driving pulley c and the 
gear wheel by which the drive is communicated to 
the cutter spindle. The level of this spindle above 
the bed of the machine can, therefore, be altered, 
without interfering with the drive, by swinging the 
bracket which carries it, and this motion is utilised 
for adjusting the depth of the cut. When a groove 
of variable depth is to be cut these brackets are 
gradually tilted as the work is advanced between the 
cutters, so that the distance between the two gradually 
re out, thus leaving a thicker core as the shank 
the blank is approached. This is effected by screws 
which act on arms d, d forming part of the swinging 
bracket. This adjusting screw is clearly visible in 
the view of the single-cutter machine, Fig. 1. Strong 
springs suitably disposed between the bracket and 
the bed keep the arms ¢, c in close contact with the 
adjusting screws. Levers e, e clamped to the shanks 
of the adjusting screws rotate these as the blank is 
advanced, being operated by the links f, f, which in | 
their turn are connected to a sliding rod g. This rod 
is either carried forward by the main spindle of the 
machine on which the screw a is mounted, as in 
Fig. 2, or is operated by a-cam, as in the arrangement 
illustrated in Fig. 1. A worm gear h drives the 
screw a, which, as already mentioned, feeds forward 
the blank. This worm gear is power-driven by the 
two pulleys k, 4, either of which can be coupled to the 
worm by the dog clutch shown. A knockout gear 
releasing the clutch is provided, and a rapid reverse 
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works through a nut clamped in a bracket bolted 


can then be obtained by engaging the clutch with the 








smaller of the two pulleys, which is driven by a crossed 
belt. In this reverse motion the links e, e remain behind, 
so the cutters make the return stroke whilst held 
clear of the work. 

Adjustment for different pitches and angles of 
groove is effected by shifting the cutter heads on their 
bases. A snug in the bottom of the head fits into 
the groove p, whilst the corner q of the head casting 
bears against the guide shown. The curvature of 
this is such that, however the head is shifted, the 
cutter always lines up in proper relationship with the 
axis of the blank. 

The makers state that they have supplied a large 
number of these machines, as repeat orders, to one of 
the principal firms of twist drill makers in the country. 
and that, owing to the simplicity of the design, an 
untrained girl can learn to run several of the machines 
after a very short tuition. 





Giant LocoMOTIVE FOR THE VIRGINIAN RAILway.— 
A recent issue of the Railway Mechanical Engineer 
describes an engine built by the Baldwin Locomotive 
works for the Virginian Railway. This engine is a 
triple-articulated locomotive weighing 844,000 Ib. and 
capable of exerting a tractive effort of 166,000 Ib., and 
is intended to act as ‘“ pusher” engine, helping heavy 
trains up severe gradients. The engine has been designed 
to a loading gauge of 16 ft. 10 in. above rail-level, 
with an extreme width of 12 ft. at a height of 2 it. 3 in. 
above the rail. The'centre-line of the boiler is 10 ft. 9 in. 
above rail-level. The boiler is § ft. 4 in. in diameter and 
the. tubes are 25 ft. long, and the heating surface 1s 
8,120 sq. ft., with a grate area of 108 sq. ft. .A mechanical 
stoker is provided. The engine has six cylinders, 34 in. 
in diameter by 32-in. stroke, arranged for compound 
working. 
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KINGSTON DOCK, GLASGOW; IMPROVE- 
MENT AND RECONSTRUCTION.* 
By Mr. P. D. Donatp. 
THE proposal to construct a tidal dock (known since 


as the Kingston Dock), in preference or in addition to | a . ‘ 
riverside quayage, made fully 50 years ago, fixed the | the top with close-jointed 4-in. planking spiked to piles ; 


ty of dock accommodation at Glasgow. The rise of 
tide at the time was 8 ft. 6 in.; it is now over 12 ft., 
so that the drawback as to the changing level of shi 
with the rise and fall of the tide is very considerably | 
increased, Notwithstanding this, however, the proba- 
bility is that, if the question of open or closed docks had | 
to be decided afresh for Glasgow, the former would still 
be preferred. The harbour is 20 miles from the sea, 
with a comparatively narrow navigable channel inter- | 
vening. If the entrance and exit of vessels to and from | 
the docks were restricted to a limited period at and near 
high water, great congestion would be caused in the | 
river channel, which is sufficiently crowded at times, 
even under present conditions, when vessels may enter 
or leave the docks at any state of the tide suitable for 
their draught. 

The type of dock having been settled, tenders were 
invited for its construction with masonry walls at the 
entrance and timber wharfing for the inside quays ; 
and, in June, 1864, the contract was placed with Mr. 
Manwell, who at that time did a good deal of work for the 
Clyde Trustees. The dock entrance was designed 60 ft. 
in width between the cope lines and with a depth of 14 ft. | 
below the low-water level of the time. For the sub- | 
structure of each side wall, as shown in section 
(Fig. 2, on Plate XXI), two rows of sheet piling, 11 in. | 
thick by 35 ft. in length, were driven at the front 
and back of the wall, forming a long box averaging 





————__ 


| pieces, each 10 in. deep by 18 in. broad, and was sheathed 
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of stay piles 11 in. square 
of the wharf was formed with 5}4-in. planking, covered 
with a }-in. layer of bitumen. The cope was in two 


with plate-iron ,j;-in. thick to prevent wear. Each front 
ile was rovided with a 6-in. fender of American rock elm. 
he back of the wharf was lined for 14 ft. down from 


and to prevent floating debris being carried in under the 
wharf 3-in. planking, 
of planks, was fixed on the k of the front main piles. | 
The sloping surface underneath the wharf was faced with 
whinstone pitching, laid to a slope of one in three on a 
bed of gravel 8 in. thick. At intervals of 32 ft. apart 
a pair of 12-in. square piles, 45 ft. in length, were driven 


in front of the centre row of main piles, to support the | 


columns of the goods shed; and immediately in front 
of each pair a greenheart pile, 14 in. square and 45 ft. 
long, was put in tocarry the cast-iron mooring pawl head. 

The main and sheet piles, joists, and horizontal braces 
were of Quebec red pine, and the cope and walings of 
yellow pine. All this timber was creosoted with 8 lb. 
of creosote per cubic foot, in accordance with the practice 
already in operation on the Trustees’ works for some years 
previous to this contract ; and it is worthy of record that 
all the timber of the original wharf removed or cut into 
during the widening and reconstruction works to be 
yrane Be later was perfectly preserved, and indeed was, 
in many cases, better timber after 50 years than some 
of the new timber obtainable for the latter works. 

The rai of tide shown on the contract drawings is 
9 ft., and the depth of water intended to be provided in 
the dock, and for which the wharves were designed, was 
14 ft. below the average low water of the time. In June, 
1867, a contract was placed with Messrs. P. and W. | 
MacLellan for the erection of goods sheds on the north, 
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14} ft. wide inside, and stiffened with cross divisions of 
sheet piling. The material within the two rows of sheet 
piling was removed by spooning to 1€ ft. below low water, 
or 2 ft. lower than the intended depth of water in the 
entrance, and bearing piles, 11 in. square and 34 ft. long, 
with cut-off at 2 ft. above low water, were then driven 
in the excavated space, at 5 ft. centres longitudinally 
and 3 ft. 9 in. transversely. Thereafter the whole space 
was filled in with hydraulic concrete, lowered in boxes 
through the water. The concrete was com of one 
part of Arden lime and one part of Kilbride cement, to 
one part of sand and three parts of whinstone metal. 
Cross and longitudinal sleepers were laid upon the tops of 
the bearing piles to carry the superstructure, which con- 
sisted of a facework of ashlar with backing of rubble, 
bedded and jointed in each case with mortar composed 
of one part of Arden lime to one part of sand and half- 
part of mine dust. The side walls were finished with a 
granite cope, 3 ft. 6 in. broad. At the east side wall 
special provision was made for the foundation of the 
swing — which spans the entrance (Fig. 1). 

The inside quays were all of similar construction, and 
consisted of a wharf 21 ft. 10 in. broad, with three lines 
of supporting or main piles, 12 in. square. On the north 
quay the standard cope level of the harbour was adhered 
to, but at the south quay the proximity of Paisley-road 
at a high level necessitated the adoption of a cope level 
24 ft. above the normal. The east and west quays were 
finished with cope levels rising from the north to the 
south quay. On the south quay the main piles were 
54, 44, and 42 ft. in length respectively, driven in trans- 
verse bays 5 ft. 4 in. apart between centres, the front 
piles with a batter of } in. per foot, and the others vertical. 
The piles were b together with double joists at the 
top, and two lines of single horizontal bracings. At 
places where the wharfing required to be sti hened 
in later years, single, and in some cases double, diagonal 
bracings were added. The piles were tied longitudinally 
with three lines of walings under the joists and a stringer 
in front under the cope. The sheet piling, 11 in. thick 
and 35 ft. in length, was driven in line with the front 
main piles, with cut-off at 3 ft. above low water, and 
had a timber waling at back and a convex wrought-iron 
waling on front. The wharfing was tied back at intervals 
of 64 ft. by malleable-iron tie-rods, 2} in. in diameter | 
and 25 ft. long, one end bent round and fixed to the back | 
main pile, and the other end passing through and screwed 
“p on @ bearing timber, 12 in. square, carried on a pair 
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south and west quays of the dock. The sheds were | 
originally intended to be uniformly 40 ft. in width, but | 
to allow of a sidewalk of 5 ft. being made along Paisley- 
road, the south quay shed was reduced to 35 ft. in width, | 
as shown in section (Fig. 4, on Plate XXI), At the time of | 
the opening the estimated total cost of the dock, includ- 
ing sheds, d i and swing bridge, was given at 
115,000/., exclusive of land. 

[The author here described the swing bridge, and | 
referred to increase in harbour traffic and further dock 
construction. ] 

Towards the end of 1912, when the coasting trade was | 
in need of additional accommodation in the harbour, the 
Trustees decided upon a scheme of improvement of the | 
dock, consisting in a widening of the south quay, so as 
to provide for a new shed 60 ft. in length and to give 
18 ft. of low-water depth in front of the quay—provision | 
being also made for the same increased depth of water 
in the dock entrance. Fig. 1, on this page, is a plan 
showing the new work. 

The work at the south quay (Fig. 5) consisted of a new | 
timber wharf, 26 ft. in width. in front of the original one. 
As the old sheet piling was not sufficiently close-jointed 
to prevent the passage of fine material from behind the 


| wharf, leading to subsidence of the surface, a new line | 


of sheet piling, 10 in. thick and 40 ft. long, was driven, 
in bays of three iles, in front of the old sheeting, leaving | 
a clear space 2 ft. in width and about 16} ft. in depth, 
which was afterwards filled up with concrete. 
concrete was deposited by means of an iron hopper-box 
specially made for the ey 10 ft. in length by 18 in. 
by 12 in., containing half a cubic yard. The chains 
keeping the bottom doors closed were released when the 
box was lowered by a crane to near the bottom of the 
space to be filled. : . 
Along the face of the new sheeting a wrought-iron 
waling, 6 in. broad by 2 in. thick, was fixed with 1-in. 
bolts at every second pile. The sheeting was tied back | 
by means of ag ret g ae 
t. 4 in. | 





} 





2} in. in diameter and 41 ft. long, 


long. The cut-off of the new sheeting was fixed at 1 ft. 
higher than that of the old sheeting, in order that these tie. | 
rods should pass over the top of the latter. Each tie-| 
rod was in two joined together with a screw | 
coupling, and was provided at the inner end with a cast- | 
iron washer-plate, 2 ft. square, bearing on the concrete. | 
After the trench for the anchor block had been excavated 


|the back portion of the tie-rod was forced through the 


ground from the front, by blows from a wooden dolly 


| suspended from a crane, the threads of the screwed end 
being protected by a specially made cap. 
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At the front of the new wharfing was a line of main 
piles, 12 in. square and 58 ft. long, driven at a batter of 
j in. per foot, about 26 ft. in front of the original front 
line and at 6 ft. 5 in. centres. Another line of piles, 
56 ft. in length, was driven midway between the old and 
new front piles. The longitudinal distance apart of the 
new piles differed from that of the main piles of the 
original wharf, the space of 32 ft. being divided into five 
bays in one case and six bays in the other. At every 
32 ft. the new main piles were in line with the old piles, 
the whole being bound together by double joists at the 
top and double diagonal braces. To form the back 
line of supports for the new wharfing at intermediate 
bays of new piles, 12-in. uprights about 20 ft. long were 
set up, embedded and grouted in the concrete filling 
between the two lines of sheet piling, and these uprights 
were similarly braced with the main piles. The piles 
were tied together longitudinally by five lines of 1bin. 
by 6-in. walings, and a stringer in front under the . 

Between the front and middle piles and the middle 
and back piles or uprights two lines of struts were pro- 
vided, the er line, f2 in. by 9 in., at the level of Kigh 
water, and the lower, 12 in. by 12 in., about 3} ft. above 
low water. The latter, which butted on the sheet piling, 
were securely fixed to this and to the main piles by 
means of iron tail-bolts, straps and glands, so that they 
might serve as ties as well as struts. The end of the 
struts were supported by the longitudinal walings, or 
by cleats spiked to the piles. 

Between the front piles were fitted two lines of dw A 
12 in. by 9 in.; and each front pile was provided with 
a fender, 12 in. by 6 in. by 20 ft. long. The timbers form- 
ing the cope of old wharf were lifted and re-used, new 
timbers of the same size being put in where nec , 
and the coping, when relaid, was sheathed with plate 
iron ee thick, bent to the required shape, and solidly 
bedded on and spiked to the timber. The decking of the 
original wharf was also made use of as far as possible in 
the new work. The seams and butt-joints were caulked, 
and the whole surface covered with bitumen, }-in. in 
thickness, and thereafter engine ashes were spread on 
top to the level suitable for the causewaying of the 7: 

At distances of 32 ft. apart bearing piles, 56 ft. in 
length, were driven in the middle row of the main piles, to 
carry the front columns of the new shed. ‘Lhe —— 
water pipes and drains beneath the old wharf were carri 
forward to corresponding positions on the new whart. 
The whole of the new timber was pitch pine, or Oregon 
pine specified to be grown in British Columbia. All the 
timber was creosoted with 8 Ib. of creosote per cubic 
foot. 

‘Lhe effect of the widening of the south quay was not 
only to give greater depth in front, and to permit of a 
wider shed and increased quay space in front, but also 
to improve the slope or gradient from the public street 
at the back of the shed to the front of the quay, irom 
1 in 17 to 1 in 27; and this improvement was of very 
considerable benefit, as it enabled full loads to be removed 
by lorry, instead of the reduced loads that had. to be 
worked with in the old shed. 

As it was desired to carry the deeper water along the 
full length of the south quay, it was necessary to make 
provision for the greater depth at the south ends of the 
east and west quays also. At each of these quays a 
length of about 90 ft. of new sheet piling, similar to that 
at the south quay, was arranged to be driven in front 
of the existing sheeting. To keep vessels from catchin 
on the projecting new piling, fenders, built out to beyon 
its face, were provided 10 ft. 8 in. apart, fastened by 
means of glands to the front main piles of the wharf. 

The work at the dock entrance (Fig. 3) was similar to 
that described for the east and west quays—namely, a line 








| of sheet piling 10 in. thick by 40 ft. long on each side of 


the entrance, tied by bolts 2 in. in diameter and 8 ft. 
long, grouted into the masonry superstructure ot the 
side walls. Fenders similar to those described, 10 ft. 
apart on the straight and 5 ft. on the curves, were fixed 
on the face of the wall by batted straps ; and along the 
top of these fenders a platform about 2 ft. in width was 
laid, with dwangs immediately beneath, fitted between 
the fenders, to prevent these being displaced by impact 
of a vessel. 

The construction of the new wharfing at the south 
quay, with relative work at the east and west quays, as 
well as the work at the dock entrance, was done depart- 
mentally by the Trustees’ workmen. 

Contracts were placed in Ji y, 1913, for the erec- 





in 
tion of a new goods shed on the south quay, including 
the dismantling of the old shed, and the work was begun 
in the same month. A commencement with the Trustees’ 
work at the south quay was made in February, 1913, and 
by the end of that year the piling was fini for 600 ft., 
and the wharf completed for 550 ft.—that, is, about half 
the total length. first section of the new shed, 352 ft. 
in length, was completed in November, and a portion of 
it, with the new wharf in front, was brought into use for 
traffic in the following month. 

The work at the entrance was commenced in April, 
1913, and completed in May, 1914. The operations at the 
south quay were still in progress, and by the middle of 
1914 the whole of the old shed had been removed, and 
the new shed completed for a length of 512 ft., while the 
back wall and front columns and girders were erected 
for a further length of 320 ft.; the whole of the sheet 
and main piling on the east and south quays was com- 

leted, and the new south wharf entirely finished for a 
ength of 966 ft. 

Such was the state of matters when, on June 18, 1914, 
during a time of exceptionally dry and hot weather, 
fire broke out at the new works going on near the west 
end of the south quay. The conflagration spread with 
extraordinary rapidity eastward and westward ; in less 
than 10 minutes the new shed, the nearest point of which 
was 256 ft. from the seat of the outbreak, was in flames, 
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The fire worked its way right round the dock in both 
directions until it reached the masonry work of the 
entrance walls, The quays and sheds, new and old, 
round the dock were totally destroyed ; several schooners 
in the dock at the time were aleo burnt, and the men on 
board had narrow escapes with their lives, so quickly 
did the devastation spread, while the whole air was dense 


with the blinding and choking smoke from the burning 
creosoted timber. 
The sheet piling was not damaged, but otherwise the 


new timber w on the south quay was destroyed 
from the level of 4 ft. above low water upwards. e 
work done had cost about 32,000/., and an expenditure 
of about 9,500/. had been incurred at the new shed and 
in causewaying. A very considerable proportion of this 
outlay was rendered useless by the disaster; but that 
represents only a portion of the total damage, includi 
the destruction of the quays and sheds all round the dock, 
and the loss of harbour accommodaiicn during the period 
of reconstruction. The improvement work done at the 
entrance, at a cost of 7,900/., was not damaged. 

The Trustees were now faced with the problem of the 
restoration of the dock; and after various proposals 
were considered it was decided to reconstruct with 
concrete walls, the substructure being formed with con- 
crete ited under water within lines of sheet piling. 
This decision was made largely on account of the fact 
that the lower portions of the new front and middle 
main piles at the south quay were intact, and could be 
wor in with new piling to form the face and back of 
the proposed concrete substructure. 

© section adopted for the south quay (Fig. 6 
includes a line of new timber sheeting, 10 in. thick an 
365 ft. in length, driven in bays between the front main 
piles already in, and a line of temporary sheeting, 6 in. 
thick and 32 ft. in length, driven between the piles of 
the middle row, the inside distance between the lines of 
sheeting being 12} ft. at the top and 14 ft. at the bottom 
of the substructure. 

The cut-off of the front sheet piling is at 3 ft. above 
low water. Six inches below this level a wrought-iron 
waling, 6 in. by 2 in., copvex on face, was bol to the 
sheeting and timber waling behind, with a bolt at every 
second pile; and through this waling were fixed tie- 
rods, 2 in. in diameter and 24 ft. long, spaced 12 ft. 
9 in. apart, the inner ends of which were secured to the 
line of new sheet piling driven before the fire. In order 
to get these tie-rods in place the concrete filling between 
the two lines of sheet piling at the front of the original 
wharf had to be cut out, for 3 ft. in ~ by about 3 ft. 
in length, at each rod. After a tie- was in place, to 
prevent corrosion it was encased in fine concrete, 9 in. 
wide by 11 in. deep, giving a cover of 3} in. 

By means of temporary divisions made with 6-in. sheet 
piles, eee of suitable length, for the most part 64 ft., 
were formed, which were excavated by grabs to the depth 
of 21 ft. below low water, and filled in with six to one 
concrete, deposited under water by means of wooden 
hopper boxes, 4 ft. square and 3 ft. deep, containing 
1} cubic yard. To improve the joints between successive 
lengths of the substructure a 12-in. recess, 5 ft. wide by 
4 ft. deep, was formed in the centre of the wall at the 
advance end of each pocket, into which rocess the 
concrete of the succeeding pocket keyed 

On the top of the new front sheeting and substructure, 
at 3 ft. above low water, a granolithic string-course was 
jaid. This course is 2 ft. 6 in. on the and 18 in. 
deep; the face is curved outwards, so that the front 


upper a 6 in. beyond the face of the sheet 
nling. string-course blocks were moulded in 6-ft. 
engths ; the curved face was formed with three to one 


lithi 
gr cc 





Zz te, 6 in. in thickness, put into the 
moulds at the same time as the ordinary concrete. The 
blocks had large grooves formed in the ends, and when 
laid in position were by this means keyed together with 
one-and-a-half to one cement mortar. Similar grooves 
were formed on the back of the blocks, to provide a 
better joint with the concrete backing. Moulded during 
the summer, the blocks remained in the moulds for two 
days only; they were then stripped, and carefully 
stacked until required, after having the face smoothed 
over. 

From the string-course upward the superstructure was 
formed in seven to one concrete with a facing, 6 in. in 
thickness, of granolithic concrete. The front shuttering, 
9-in. by 3-in. dressed whive-pine battens in 20-ft. lengths, 
was carried on 12-in. by 6-in. uprights, 5 ft. apart, sup- 
ported by cleats nailed to the face of the front sheet 
piling of substructure, and held in position at the top 
of the string-course by bolts with the inner ends turned 
down to catch the back of the string-course ; the top 
ends of the uprights were held in place by light bracings 
from convenient of the old wharf. It was found 
that, when the full weight of the superstructure concrete 
was brought upon the shuttering, there was a tendency 
for the uprights to bulge out, and, to counteract this, 
uprights were trussed with an iron rod, 1} in. in diameter, 
bent to 8 in. out at the centre, and braced and unbraced 
uprights were set up alternately. 

The superstructure was built in lengths of about 64 ft., 

r foot; the thickness of the 


and has a batter of } in. 

wall, which at the top of the string-course is 10 ft., is 
reduced at the back by two steps of 21 in. and one of 
18 in., so that at the underside of the cope it is 4 ft. 
The top bench at the back was formed at a suitable level 
below — to carry the 6-in. water pipe which runs 
round the dock. 

The facing of three to one granolithic concrete was 
brought up at the same time as the rest of the wall. 
Tron plates, from 8 to 10 ft. long by 12 in. deep and } in. 
thick, with three hand grips, were used to divide tem- 
porarily the two classes of concrete. From time to time 
as required, keeping pace with the progress of the con- 
crete, the plates were drawn up by the concrete workers 





on the wall; they were never left in sufficiently long for 
the concrete on either side to set, and in this way the finer 
concrete at the front made a perfectly close joint with 
the mass concrete behind. The plates were maintained 
at the distance of 6 in. from the shuttering by small 
wooden chocks, which were kept continuously in use. 

The wall was finished with a concrete cope 3 ft. broad 
on ap Se TE Se Sea ae ee ee, Se Oe oe 
front edge rounded to a radius of 3 in., and the bottom 
edge chamfered to suit a corresponding chamfer in the 
top edge of the superstructure face. The cope blocks 
were moulded in lengths of 4 ft. in a similar manner to 
the string-course blocks; the ends were well scabbled 
for jointing, and had also provision for 6-in. iron dowels, 
grouted in place between the blocks. The front face 
and top surface had a facing of granolithic concrete, 
6 in. and 4 in. thick respectively, and, to provide a better 
foothold, the top surface was roller-dabbed. 

The mooring pawls provided in the reconstructed quay 
were designed for the new wharfing forming the widen- 
ing of the south quay ; the front part of the base of the 
casting fitted over and was bolted to the timber cope, 
while the back portion rested on the deck planking and 
was secured by five 1}-in. bolts to the deck joists. The 
pawl castings were salved after the fire and were used 
in the reconstruction, being set in line with the front of 
the cope and fixed to the wall by means of 1}-in. bolts 
and bent rails built into the concrete. The pawls are 
spaced 48 ft. apart, every alternate one being opposite 
a shed column. The moulded cope blocks were laid 
to within a short distance of the casting on each side, 
and the gap was filled in in situ, the concrete being well 
packed into the portion of the sine originally intended 
to receive the timber coping of wharf. 

In addition to the tie- through the front piling of 
substructure, the superstructure of the wall was tied 
back by means of old permanent-way rails, placed at 
12 ft. 9 in. centres midway between the tie- » having 
the ends turned, and the back end grouted into the 
concrete filling between the two lines of sheet piling at 
the front of the old wharf. 

At distances of 32 ft. apart between centres concrete 
piers, 4 ft. by 3 ft., were corbelled out from the back of the 

uay wall, to form « foundation for the steel columns of 
the goods shed. Midway between the column seats 
timber uprights, 12 in. square and about 18 ft. lor 
were placed in position, resting upon the bottom bac 
step of the superstructure, to support the timber beam 


ing the cast-iron rails for shed doors. o keep|P 


carryin; 

these uprights in position during the refilling and con- 
solidation of material behind the quay wall they were 
fixed at the top by means of 1}-in. tie-bolts batted into 
the wall. 

Fire-clay drains were laid to take the water from the 
down-pipes at each shed column, and these were con- 
nec anc led through the quey wall at distances of 
64 ft. apart, at the level of 2 it. above high water. At 
suitable intervals the drains were carried to the back of 
the goods shed, being supported across the refilled 
ground by means of 12-in. logs, 38 ft. in length. 

The reconstructior of the south quay, 1,085 ft. in 
length, has been described in detail, as it is typical, 

nerally, of what was done at the other quays, the 

ifferences being chiefly in the substructure. As in the 
see ay wharf, the cope level of the south oy isat a 
high level, being 2 ft. 3 in. above the gene height of 

uays in the harbour; this higher level is also carried 
along the west quay, with a fall of 1 ft. in the north- 
most 11 yards to the north-west quay, which, again, has 
a fall eastward of 1 foot. The north quay, east ot the 
dock entrance, is at the normal level, and the cope or 
the east quay rises uniformly from this to the level of 
the south quay. 

On the short north-west quay, 93 ft. in length, where 
the reconstruction after the fire was commenced, the 
work done ir connection with the strengthening of the 
entrance was continued by the extension of the line of 
new sheet piling, 10 in. thick by 40 ft. long, driver 
about 3 ft. in front of the original sheeting. This piling 
has a cut-off at 7 ft. above low water; it is tied to the 
back piles of the original wharf by means ot 2-in. tie- 
rods placed 11 ft. apart. The space between the lines 
of sheeting was filled in with concrete, to the depth of 
from 10 ft. to 12 ft. below low water. To carry the back 
of the quay wall, bearing piles, 12 in. square by 35 ft. 
long, were driven at about 6 ft. centres, 5 ft. behind 
the old sheet piling, with a cut-off at 6 tt. above low 
water; and the wall was founded on these piles at a 
level of 3 ft. above low water. 

At the west quay, 213 ft. in length, advantage was 
taken of the reconstruction to provide for a g shed 
50 it. in width in place of 40 ft., and also for a much- 
needed widening of Springfield-lane, now called Spring- 
field-street, from 30 to 40 ft. The front of the quay was 
accordingly brought forward 21 ft. into the dock, an 
additional width of 1 foot being given between the cope 
line and front of the shed. The effect of this, and of 
constructing the Kg! wall with a higher cope level, as 
already mentioned, was to reduce by a half the surface 
inclination through the shed, from the street to the 
front of the quay. 

To support the staging for the piling machine which 
drove the sheet piling forming the front of the sub- 
structure, temporary piles, 12 in. square by 30 ft. long, 
were driven 12 ft. apart and 18 ft. out from the old 
wharf, by a piling machine and frame mounted on a 
punt. e front sheet-piling, similar to that on the 
south quay, with cut-off at 3 ft. above low water, was 
tied back, through the iron wale, by tie-rods, 2 in. in 
diameter, 23 ft. long, and 8 ft. apart, bolted through a 
12-in. by 12-in. beam fixed at the back of the sheet piling 
of the old wharf (Fig. 7). 

In this quay the k of the substructure was formed 


| front of the old sheet piling. 


length, driven 14 ft. behind the inner face of the front 
timber piling, and afterwards drawn by steps as suc- 
cessive layers of the concrete filling became sufficiently 
set to permit of this being done. For the drawing of 
these, and of other temporary piling, a 10-cwt. Ransome 
pile extractor* was used with great advantage through- 
out the course oi the work. The extractor was suspended 
from the hook of a 10-ton crane in the position required ; 
and steam at 90 lb. pressure was supplied from a vertical 
boiler mounted on a punt, which could be taken to any 
point in the dock as required. This punt also carried 
an air-compressing plant, which furnished power for 
working the a which all timber boring for the 
bolts, &c., was done. Heads of piles, old and new, were 
also cut by this means, and afterwards adzed level, and 
this method proved very expeditious and of great 
advantage considering that this operation had to be done 
by tide work at a low level. 

The substructure was constructed in seven pockets 
averaging 30 ft. in length, the divisions being formed 
with 6-in. temporary sheet piling. The superstructure 
was formed as described for the south quay, in lengths 
of about 60 ft., with concrete piers for shed columns, and 
+ for supporting beams carrying rails for shed 
oors. 
The west quay has a travelling crane upon it, and the 
front rail for this rests on the concrete cope, and the back 
rail on a beam supported by uprights, 8 ft. long and 8 ft. 
apart, resting upon a scarcement of the superstructure. 

At the north quay, in order to provide for a goods shed 
50 ft. in place of 40 ft. in width, the new cope line was 
brought forward 10 ft. into the dock. The length of quay 
on the new line is 762 ft. 

For the piling-machine staging, as at the west quay, 
temporary piles 12 in. square and 40 ft. long were driven, 

10 ft. apart, by floating piling apparatus. Special pro- 
vision had also to be made for supporting the front line 
of the crane road, and for this purpose similar temporary 
piles were driven 15 ft. apart, and tom-shores set up 
midway between, carried on sole-plates resting on the 
back row of the piles of the old wharf. 

The new front sheet piling in this case was tied back 
by 2-in. tie-rods, 8 ft. apart, bolted through 12-in. square 
beams fixed on the back of the centre piles of the wharf. 
The superstructure, founded at a level of 2 ft. above low 
water, was widened at the foot, for 5 ft. in depth, so as to 
embrace these piles, and by means of old rails spaced 
4 ft. Sin. apart it was also tied to the back row of wharf 
iles. 

The substructure was constructed in pockets, averag- 
ing about 45 ft. in length. In excavating the first of 
these, at the west end, it was found that the old sheet 

iling was so open-jointed that the fine material was 

reely running into the pocket from behind, which caused 
subsidences and endangered the crane road. To obviate 
this Ransome steel piling was driven as close as possible 
in tront of the old sheeting for the whole length of the 

uay ; the pockets were then excavated to the required 
epth of 21 ft. below low water in the centre, and filled 
in with concrete to the original level of the dock bottom 
before excavation started, after which the steel piling 
was drawn, and the concrete filled in between the two 
lines of timber piling. 

To permit ot the excavation being done for the widened 
superstructure without interfering with the crane road 
at the back, it was n to drive a line of temporary 
sheet piling, 4 in. thick, to form the back of the super- 
structure. After the excavation was completed and 
concrete filled in to the depth of 5 ft., up to the first 
scarcement, this piling was drawn for use again. 

The material met with in the excavation of the pockets 
round the dock consisted, for the greater part, of muddy 
sand. ‘Lhe removal of this material was done without 
difficulty by round diggers worked by 10-ton steam 
derrick cranes. The material was deposited in the dock, 
and afterwards lifted by dredger at the same time as 
the dock deepening was being carried out. : 

At the north-east corner of the dock, however, material 
of a different character was met with, which occasioned 
some trouble and necessitated special design in the sub- 
structure of the quay wall at this place. For about 
100 ft. from the east end of the north quay, and about 
half that distance along the east quay, the presence of 
a bed of brick clay had led to forward movements of the 
original wharf, which had called for strengthening in 
1885, and again in 1903, by means of tie-rods, one of 
which was carried right through to the riverside quay. 
The wharf piles on the north quay had moved forward 
at the top as much as 2 ft. 6 in. at one point. 

On the opposite side of the river the presence of the 
same substrata had caused the failure of the original 
quay and several reconstructions of the same between 
Robertson-street and York-street, and led to the adop- 
tion there in 1902 of a foundation of caissons sunk under 
air pressure. The strengthening of the substructure at 
the east end of the north quay of Kingston Dock (Fig. 8) 
consisted in the formation of pockets behind, as well as in 
z. The pockets were con- 
structed by driving a line of piling about 20 ft. behind 
the new front sheeting. For 57 ft. this back sheeting 
was of timber, 10 in. thick by 36 ft. long, which was 
left in after the concrete was deposited ; the remaindet 
of the length, 58 ft., was done with Ransome steel piling, 
afterwards drawn. 

The work was carried out in much shorter pockets 
than elsewhere in the reconstruction, the lengths ranginy 
from 12 ft. to 21 ft. The cross divisions were made wit! 
temporary 6-in. timber sheeting, with sometimes a line 
of steel piling in addition. The back portions of the 
pockets, behind the old sheet piling, were excavated anc! 
filled before the front portion so as to make secure the 
ground behind. The rear pockets were excavated t” 





by Ransome steel piles, standard D-section, 36 ft. in 





* See EncIveerine, vol. cii, page 198. 
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about 20 ft. below low water, or 1 foot less depth than 
the standard round the dock. 

A square digger with teeth was used in excavating the 
pockets under water, but difficulty was experienced in 
getting the clay out of the corners, which could not be 
reached by the digger. The clay also adhered to the 
piling, especially in the bosom of the steel sheeting. At 
the places mentioned it had to be scraped down by iron 
rods and long spades, and a special scraper for this 

was made by attaching a steel plate to a piling 
hammer which was worked up and down the face of the 
piling, by which means the clay was broken up by the 
cutting edge of the plate and carried down into the 
bottom of the pocket. Two of the back pockets, which 
were wholly in clay, were pumped out and the corners 
and sides cleaned by hand labour in the dry. 

The front pockets were taken out to the depth of from 
22 to 23 ft. below low water—that is, from 1 to 2 ft. 
lower than the normal depth. 

The old sheet piling, the top of which was 7 ft. above 
present low water, was cut down in sections to 1 foot 
above low water, and above this level the concrete was 
put in place simultaneously in the back and front pockets, 
in order to obtain continuity in the full thickness of the 
wall. Old permanent-way rails were also laid in, with 
turned. ends, to tie together at the top the two portions 
of the substructure. 

The east quay of the dock, 167 ft. in length, is still 
under construction, but is approaching completion. 
Previous to the fire, as already mentioned, new sheet 
piling was driven along the front of this quay for about 
70 ft. from the new south end, and the space between 
the old and new piling filled in with concrete. 

For the reconstruction it was decided to form the 
substructure in pockets about 30 ft. in length behind the 
old sheet piling by driving a line of sheeting between 
the centre and back main piles of the old wharf. For 
38 ft. this consisted of 10-in. timber piling, left in the 
ground; for the remainder of the quay the Ransome 
steel piles were used, being drawn and re-driven. As 
= section of piling was, however, not designed to sustai 
the pressure brought upon it in this ition, the piles 
intended to be driven here were saeendiened by arian 
a flat-bottomed rail, weighing 60 lbs. per yard, riveted to 
each pile. 

The hardest pile-driving in the whole work was encoun- 
tered at the southern portion of this quay, due to the 
fine compact sand in which the driving had to be done. 
One or two attempts to drive timber piles to form the 
south end of the southmost pocket were unsuccessful, 
and ultimately this was done by steel sheeting driven with 
the help of a water jet. The water used was from the 
ordinary supply pipe, led by flexible hose to a wrought- 
iron pipe in bosom of the pile, which was wor 
down into the sand just in advance of the pile bottom. 
The introduction of the water jet proved most effective, 
and occasionally a steel pile would sink considerable 
distances with the weight of the piling hammer simply 
resting upon it. 

The lines of old and new sheet piling in front had cut- 
ofis at 6 and 7 ft. respectively above present low water, 
and in order that this ae should correspond with the 
others, both lines of pi ing, with the concrete between, 
were redueed to the level of 3 ft. above low water, to 
receive the granolithic string-course. The wrought-iron 
walings at the original high level were taken off and 
refixed hf apt yes the new cut-off; and 2-in. tie-rods 
were put in, t. apart, tying the front piling to the back 
of the substructure. Five fin. tie-rods on in for the 
10-in. sheeting driven in 1913 were disconnected, and 
made use of for tying back the superstructure. 

New 10-in. sheet piling, 35 ft. in length, was driven 
along the front of the quay in continuation of the 70 ft. 
already driven, and this work was completed during last 
month. In order to provide for the extra width of the 
substructure required by the nature of the substrata at 
the north end, the line of the new front sheeting was 
curved outwards towards the dock, on a radius of 750 ft., 
so that at the north end the new piling is about 8 ft. in 
front of the old. 

The pockets on this quay were excavated to about 
19 ft. below low water. During the progress of diggin, 
below the level of the ground in which the new front 
sheeting was driven the material in the space between 
the lines of sheeting ran into the pockets through the 
joints in the old sheet piling, and in this way the 
was lowered to 15 ft. below low water. For about 40 ft. 
ps = — end of the quay, where the space widens 

» it wi ssible to iggi 
with small quis. ee ee ee 

After the reconstruction of the quays had made some 
progress the restoration of the goods sheds, which was 
done by contract, was put in hand. Work was com- 
menced at the west shed in May, 1915; by the end of 
October this shed was completed, with the exception of 
the curved south-west corner. The laying of the cause- 
way in the shed and on the quay was in progress also, 
and the new quay and shed were occupied for the first 
ome on November 11, 1915, by the steamship Jacinth, 

ringing in a cargo of cement. The western berth of the 
South quay and the west section of the shed were brought 
into use on February 26,1916; the centre section of the 
3 tan shed in April, and the east section on November 


Owing to the present war conditions, and the difficulty 
and great cost of getting structural steelwork carried 
— the re-erection of the shed on the north quay has 
linia postponed. This quay is being completed with 
b usewaying as an open quay, and it has already been 

rought into use for the discharge of cargoes for which 
such @ quay is suitable. 
tine patimated cost, when completed, of the reconstruc- 
: = of the quays subsequent to the fire is about 70,000/., 
ncluding the special work at the north-east corner of the 








dock. The work was done during the war period, with 
the prices of timber and building material and the rates 
of labour greatly above the standard of pre-war times. 
Since the middle of last year difficulty has been experi- 
enced in getting and 2 ima, dyer force, and the pro- 
gress of the reconstruction suffered in consequence. 

The extent of the work subsequent to the fire may be 
expressed by stating that the permanent sheet piling 
aggregates over 63,500 cub. feet of timber; the excava- 
tion under low water amounts to 13,500 cub. yards; 
concrete in substructure to 25,600 cub. yards, and 
concrete in the superstructure to 15,700 cub. yards. The 
number of men employed reached a maximum of 140, 
and avera; about 90. 

Provided with new quayage and greatly increased and 
improved shed accommodation, and having an ample 
depth of water for the class of vessel that can be dealt 
with, there is every reason to hope and expect that 
Kingston Dock, so convenient to the city, will in this, 
the jubilee year of its first opening, enter upon a new 
lease of life and prosperity, and in the future provide a 
return commensurate with the relatively very con- 
siderable expenditure which the Trustees have had to 
expend upon its reconstruction. 

e dock was originally constructed to the plans of 
Mr. Andrew Duncan, engineer of the Clyde Navigation 
at the time ; the improvement and reconstruction works 
were designed by Mr. W. M. Alston, the present engineer. 





In supplement to the plan and sections referred to in 
the paper we give on Plate XXII four perspective views 
illustrating the pro of the work. 

Fig. 9 is a view showing the west quay and north-west 

uay complete, and work going on on the south quay— 
the driving of the temporary sheet piling to form the 
back of the substructure. The burnt and charred upper 
portions of the timber wharf had been cut away, and the 
engraving shows what was left intact of this timber 
structure after the fire. 

Fig. 10 is a view of the west end of the dock already well 
completed, the concrete superstructure of the south quay 
being shown in the foreground. The machine in front is 
the nsome concrete mixer, which was placed at such 
a level that the concrete ingredients could be tipped into 
the hopper from the level of the quay. 

Fig. 11 is a view of the north quay in various stages of 
completion. At the west end the concrete superstructure 
is shown, and in the foreground one of the ooueie is being 
excavated by the grab, which is shown hanging from the 
10-ton crane on the right. This engraving shows the 
large amount of timbering which was required on this 
quay to carry the crane road. 

Fig. 12 shows the reconstruction of the south quay in 
pro; The substructure of the pocket in the fore- 
ground has been completed, and the string-course blocks 
laid. Behind that work is in pro on the super- 
structure. The view shows the method of carrying the 
shuttering of this portion of the work. 





SurpPInc ACCOMMODATION IN THE Paciric.—Arrange- 
ments have been completed, says the Panama Canal 
Record, for the construction of a floating dry dock at 
Vancouver, British Columbia, to be capable of handling 
ships of 18,000 tons. A new dry dock i recently been 
put in service at Prince Rupert, British Columbia. Its 
first large ship was the Orbita, which is 550 ft. in length 
and 67 ft. 3 in. beam. There is, besides, the 1000-ft. 
dock at Balboa, which is capable of handling the largest 
ships afloat, and is said to be the third in size among the 
dry docks of the world, the two which are longer being 
one in England and one under construction at Boston, 
Mass. 

ELectro-METALLURGY IN THE UNITED States, 1916,— 
In view of the heavy demand for alloy-steels, formerly 
made in crucibles, and of ferro-alloys, and of the difficul- 
ties of importing aluminium and magnesium, it is not 
astonishing that the electro-metallurgical industry of the 
United States can look back upon an extraordinarily 
active year. Electric steel furnaces, practically doubled 
in 1915, progressed at the same rate in 1916, and the 


g | chief trouble is to find experienced workers. High-speed 


tool steel, formerly poured from 100-lb. crucibles, is now 
made in 6-ton electric furnaces. Ferro-manganese is 
being melted in electric furnaces; three new ferro- 
silicon works were opened during the year; one carbide 
plant of Niagara Falls has taken up this branch. Ferro- 
titanium is produced in the same place, and there is 
much demand for ferro-molybdenum, probably for gun- 
linings ; ferro-uranium is a new electric-furnace product. 
The raw materials for most of these ferro-metals can be 
obtained in the United States; the output of chromite 
ore in California would not have been able to keep pace 
with the demand for ferro-chrome, however, if there had 
not been large stocks of chromite. The article in the 
January number of Metallurgical and Chemical Engin- 
eering, ‘from which we take these particulars, also 
mentions that the electric steel production of Germany 
averaged 17,000 tons per month last August, whilst there 
had not been any new crucible-steel plants. As regards 
aluminium, the North Carolina plant of the Southern 
Aluminium Company passed into the hands of the 
American Aluminium Company and was shortly to 
restart operations. Electrolytic zinc seems to have 
more chances than the smelting of zinc ores in electric 
furnaces. The Anaconda Copper Company is making 
100 tons of electrolytic zine daily at Great Falls, and the 
General Electric Company is erecting an ert 
zine plant at the Mammoth Smelter in California. The 
electrolytic copper companies have more than recovered 
from the shock that the outbreak of the war gave them. 
Electrolytic refining of tin seems to have become a 
success in the American Smelting and Refining Company 
at Perth Amboy. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
T Journal. Further information on these projects 
can be obtained from the Commercial Intelligence 
aay Board of Trade, 73, Basinghall-street, London, 

u.C. 2. 

Australia.—The Sydney Office of H.M, Trade Com- 
missioner in Australia reports that the New South Wales 
Public Works Committee, in a report oe 
to the State Parliament, has recommended the installa- 
tion of a sewerage system to serve an area of 12,282 acres, 


having a population of 308,000, in the south-eastern 
suburbs of Sydney. The estimated cost of the works is 
1,240,000/. e committee suggests that operations be 


commenced immediately by the installation of the system 
to such an extent as would serve about 900 acres, at an 
estimated cost of 312,000/. The name of the official 
under whose supervision the proposed works will be 
carried out may be obtained pg one Kingdom manu- 
facturers on application to the Department of Com- 
mercial Intelligence, The reference number (109) should 
be quoted. 

Egypt.—The Egyptian Journal Offciel publishes a 
notice regarding the sale, by order of the Officer Com- 
manding-in-Chief H.M. Forces in Egypt, of designs for 
light railway construction, consisting principally of 
wagons, railway points, turning tables, locomotives, &c. 
This property is that of an enemy firm in liquidation, 
Orenstein and Koppel—Arthur Koppel (Egypt), Limited. 
This firm, it is stated, had practically the monopoly of 
light railway construction in Egypt; the designs now 
offered represent the various types of wagons, &c., in use 
in that country, and are the result of years of study and 
experience. Offers for the purchase of this propert 
will be received up to April 15, by Mr. F. H. Russell, 
the Receiver of the above-mentioned firm, at Gresham 
House, Sharia Suliman Pasha, Cairo, or at Palmerston 
House, Old Broad-street, London, E.C. 2. All offers 
must be accompanied by a deposit in cash equal to one- 
tenth of the price offered. Further information may be 
obtained at the offices of the Receiver in Cairo and in 
London. 

Republic of Colombia.—The Diaro Oficial, Bogotd, 

ublishes a law (No. 79 of 1916) authorising the Colombian 
Govesnment to contract a loan of up to 15,000,000 pesos 
gold (about 3,000,000/. at per), to be devoted to port 
improvement works in the Republic and to other public 
works, &c., of urgent importance. 





A DancEerovs Woon O1m.—A note on @ cage oil, 
used in a woollen mill, was brought before the Yorkshire 
section of the Society of Chemical Industry at Leeds, 
last January, by Messrs. T. Fairley and B. A. Burrell. 
White wool oiled in the usual manner began to heat ; 
the fact was fortunately noticed before the wool actually 
fired. On analysis the oil proved to consists of about 
88 per cent. of fatty acids and 12 per cent. of neutral 
oil; there was a decidedly fishy smell, and the presence 
of insoluble bromides also pointed to fish origin ; the oil 
lost 66 per cent. on heating to 340 deg. F., which is quite 
an unusual volatility, and had a flash point (open test) 
of 368 deg. F. Glycerin being wanted for other purposes, 
fish oils (largely fatty acids) find various application, 
but their use as wool oils seems decidedly dangerous. 





Tue Eve anv Contrasts In Bricutness.—Lecturi 
upon the “ Effect on the Eye of Veereng Soares © 
Brightness and Contrast” before the [luminating 
Engineering Society on February 20, Dr. James Kerr, 
of the Public Health Department of the London County 
Council, referred to some effects which may be sur- 

rising. Having to examine long lists of figures in 
Black type, he tried to facilitate his task by drawing 
vertical and horizontal lines in red ink, but the different 
focusing of the black and red strained his eye and pa 
him a headache, which did not trouble him when all the 
figures and lines were either black or red. That adver- 
tisements with letters in different colours are trying 
will have occurred to some of our readers. Dr, Kerr 
also questions whether a target is more distinct when a 
brilliantly illuminated white dise appears on a dead black 
background than when the surroundings were diffusely 
illuminated, and he does not recommend keep’ cy 
theatre quite dark while the stage is intensely illu- 
minated; the contrast might be too glaring. While 
a flicker is notoriously trying, perfect uniformity of 
illumination may also fatigue the eye. 

JAPANESE COMMERCIAL AND InpusTRIAL ComMmMIs- 
SIONERS.—We read in The London and China Telegraph 
that the Japanese Government has decided to create 
the office of Commercial and Industrial Commissioners 
in the Foreign Office. These commissioners will be 
stationed at various important cities and towns in 
foreign countries and engage in investigations mainly 
into commercial and industrial conditions in the countries 
where they are stationed, with a view to furnishing 
Japanese commercial and industrial circles with know- 
1 and information concerning commerce and industry, 
making tours of inspection to various districts in case 
of necessity. To begin with, five commissioners will be 
appointed with the opening of the new fiscal year, 
commencing April next, and will be stationed at London, 
New York, Shanghai, South America, and in the South 
Sea Islands. The commissioners will be appointed from 
among able men in commercial and industrial circles, 
as their function is purely commercial and industrial, 
having no connection with diplomatic or political affairs. 
The former commercial commissioners had been attached 





to the Department of Commerce and Agriculture. 
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AGRICULTURAL APPLIANCES. 


102,771. J. Bamford and C. J. Bamford, Uttoxeter. 
Mowing Machine Fingers. (4 Figs.) March 6, 1916. This 
io f to mowing machine fingers of that kind 
which are made as steel drop stampings. According to this 
invention, the mowing machine finger is made as two separate 
drop stampings, mar res} ively A and B (Fig. 3), the 
4 corresponding with the whole of the finger except the 
top jaw B and its base part 1, and the other stamping B consisting 
of the top jaw, which at its root is made with a flat orother con- 
venient form of base 1 adapted to fit on to a similarly shaped 
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part 2 of the main stamping A between the bottom 3 of the jaw 
and the point 8 of the finger, and at this part 2 the top jaw B and 
the main stamping A are welded together by a suitable welding 
process (Fig. 1). fore the two parts A, B are welded together 
as aforesaid, the face 4 of the top jaw B and the face 5 of the 
bottom jaw and the edges of the same are preferably ground to 
form the cutting edges at the sides of the jaw, which grinding 
process is very easy, as it is performed before the top jaw B is 
welded on to the other part of the finger A. (Accepted December 
30, 1916.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


102,774. J. B. Skeoch, Wishaw. Internal Combustion 
Engines. (i Pio.) October 3, 1916.—This invention relates to 
internal combustion engines furnished with forced or other 
—— lubrication, and of the type in which in the engine 
ubricating circuit there is a cylinder and spring-controlled piston 
acted on by the oil pressure and operatively connected to parts 
arranged to cut out the electric ignition and so stop the engine 
should the oil supply fail or become exhausted. A is a cylindrical 
chamber —. an inlet port B and an outlet port C adapted to 
be connected in the oil circuit. Within the cylinder A is a 
piston D having a piston rod F extending up through a cylinder 
cover G and provided at its upper end with a tappet piece H 
and beneath the cover with a collar J. tween the cover G 
and the piston D is a spring K, and between the collar Jand the 
piston is a second spring The piston-rod F is free to slide 
through the piston, but is controlled on the one hand by the 
spring L, and on the other hand by a nut M on its lower end. 

pon the top of the cover G is secured a block N of insulating 
material, on which is a bracket carrying an adjustable contact 


P and a central tappet extension forming a terminal S. In a 
second small bracket on the block N and connected to the cover 
G is mounted a tappet lever W, one arm of which co-acts with the 
contact P and the other arm of which is adapted to be engaged by 
the tappet piece H. terminal 8 is connected to the positive 
wire of the ignition circuit, while the parts of the device are, of 
course, earthed by their connection with the oil piping. In 
operation, oil under pressure enters by port B and so raises the 
piston D that it may flow freely out by the port C. This action 
raises the rod F to such an extent that it throws the lever W 
out of contact with the contact P. Further travel of the rod is 
limited by the encounter of its collar J with the cover G, and on 
further upward movement of the piston the rod slides through 
it, the spring L being compressed. Thus, so a oil pressure 
is maintained the ignition circuit is preserved. n oil pressure 
fails, the piston falls, and with it the tappet H. Atone determinate 
and adjustable position in the descent. lever W makes contact 
with the contact P. Thus at that moment the ignition is short- 
cireuited and the engine stops. (Accepted December 30, 1916.) 


ENGINEERING. 


102,804. B. E. D. Kilburn, London (Sulzer Freres 
Société Anonyme, Winterthur, Switzerland). Internal Com- 
bustion Engines. (i Fig.) September 13, 1916.—This in- 
vention provides a fuel supply system for an internal combustion 
engine using heavy or viscous fuel in which a quantity of heated 
fuel in excess of tha quired for i diate consumption is 
circulated in a pipe system and is characterised by the heated 
fuel being circulated in a closed system of pipes of comparatively 
large capacity, from which system only the part for combustion 
is supplied by a branch pipe to the high-pressure pump and from 
there to the engine. From an internal combustion engine a the 
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exhaust gases are led through a pipe b. The fuel valve c has 
the driving fuel supplied to it bya pump d. The fuel from 
the storage tank e into the circulation pipe f, in which a large 
quantity of fuel is maintained in circulation by means of a 
separate pump g. To the pipe f is connected a pipeh, the end of 
which is open to the air, and also a heating coil 1, which is heated 
by the exhaust through the pipe b from the engine. A portion 
of the fuel passes to the fuel pump d, and thence, through a small 
Pipe, to the valve ¢ and engine cylinder, whilst the excess oil 
returns to the circulating pipe f in which pipe is provided a 
throttle n. (Accepted December 30, 1916.) 


GUNS AND EXPLOSIVES. 


102,763. E. Jenkins, Liandaff. Gun Mountings. (2 
Figs.) February 14, 1916.—This invention is particularly 
intended for the gees of a gun from a wooden upright such 
as is associated with the revetment of a firing trench, and it 
consists broadly of two articulated metal members, one adapted to 
be rigidly fixed to the upright and the other to carry the gun, 
the latter member, when oscillated, serving to alter the height of 
the gun in relation to its support. The fixing bracket may 
comprise an angled sole plate a adapted to engage the top and 


| one side of a wooden upright b and provided with flanges or 
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margins @), @2 which, in addition to imparting strength to the 
bracket serve to eliminate side play of the pivotal bracket c 
which fits between the flanges a,. The pivotal bracket c may 
be more or less triangular in shape, as seen in Fig. 1, with a rela- 
| tively short base, the pivot e being located at one corner so that 
a pair of eyes f constituting a socket for the gun pivot are vertically 
in alignment to one side of the — when the gun is being 
fired. In the other position of this pivotal bracket, which is 
determined by a stop or ramp g on the fixing bracket, the upper 
| socket eye is preferably slightly below the horizontal (see dotted 
| lines in Fig. 1). (Accepted December 30, 1916.) 


| MACHINE AND OTHER TOOLS, SHAFTING, &c. 


102,573. A. Herbert, Burford, and J. S. P. Cartwright, 
Coventry. Gauges. (2 Figs.) May 11, 1916.—This inven- 
tion has for its object to provide a simple and quickly operated 
gauge for testing the accuracy, within certain limits, of screws, 
threaded bars and the like. - According to this invention, the 

gauge comprises a pair of jaws A, B, pivoted together and adapted 
to grip the screw being tested. The gripping face of each jaw is 
formed with two or more recesses, and the recesses in the two 
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jaws are oupece to one another, so that when the jaws are closed 
there are formed two or more holes G, H. The holes are of 
different sizes, and each is adapted to constitute a ga screw- 
0 the gauge, the jaws are _ and the 

be tested is in one recess, say G, and the jaws closed ; 

it is then removed and placed in the other recess H, and the jaws 
again closed. As the screwed holes are of different sizes the 
accuracy of the overall dimensions of the screw within certain 
limits can be easily tested. (Sealed.) 


102,652. A. Herbert, Burford, and J. Milburn, Coventry. 
Angle and Pitch Measuring Machine. (7 Figs.) March 8, 








| its 


Machines. 
| its object to 





[MaRcH 16, 1917. 
1916.—This invention has for its object the provision of a simple 
machine for measuri angles, pitches, lengths and the like. 
According to this invention, the machine comprises a bed A 
poy a table B capable of longitudinal movement through 
exact distances measured by the use of gauge pieces or measur- 
ing rods of known ——. inserted between contact points A2, 
B2 at the end of the table and the end of the bed ; and a micro- 
scope D fitted with a hair-line across its diameter and carried by 


| a compound slide rest C, so that it is movable in two directions 
| by screws, the distance of movement being indicated by micro- 
| meter dials or clock indicators. When the machine is used for 


measuring 


-_ angles the microscope is fitted with a dial uated 
in 


and fractions thereof, and an additional hair-line across 
meter which is connected with the dial so that the angle 
between the two hair-lines may be adjusted and accurately 
known. (Accepted December 29, 1916.) : 


102,659. E. Williams, Edgbaston. Tool-Grinding 
(2 Figs.) March 25, 1916.—This invention has for 
construct a machine for grinding screw-thread 
cutting tools, the machines being of the type in which are employed 
a spindle —s a grinding wheel, one of the flat faces of which 
is utilised for grinding, a rotatable tool holder, and means for 
sliding the grinding wheel and reciprocating the tool holder. 
An horizontal whee indle a is ited on a slide b on the 
pedestal ¢ of the machine, and the position of the spindle can be 
adjusted longitudinally. Adjacent to the operative face of the 
grinding wheel f a tool-holder g is arranged, this being rotatable 
about a vertical axis and carried on a box h at the upper end of a 
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vertical slide i, which is reciprocated through the medium of an 
eccentric j and connecting-rod & during the grinding operation. 
The eccentric is rotated through worm gearing / from a shaft m, 
the latter also serving to drive the spindle a th pulleys » 
and 0, connected by a belt. The portion p of the holder g which 
receives the tool is so constructed that the tool is inclined to the 
face of the wheel spindle by the it cor ding to the 
clearance or relief required at the front of the tool. Also the 
part p is arranged to slide radially relatively to the part g, so 
that the tool can be fed towards the grinding wheel. ‘he tool- 
holder is rotated about its axis by a handle g, and the amount of 
rotary movement that can be imparted is determined by adjust- 
able stops r. (Accepted December 29, 1916.) 





MOTOR ROAD VEHICLES. 


16,596/15. D. Napier and Son, Limited, and A. 
Rowledge, Eondon. Change-Speed Gearing. (7 Figs.) 
November 24, 1915.—This invention relates to variable-speed 
gear of the spur-wheel epicyclic type in which the 
variations are effected by means of clutches and brakes which 
are operative on certain members of the gear. According to 
this invention, the driving and driven shafts A, B are disposed 
co-axially, and to the driven shaft are connected two planetary 
members, so arranged that a wheel of one planetary member 
gears with one wheel of the other member. A set of separate 


J. 








wheels, not exceeding four in number, one of which may be an 
internally toothed r , are all mounted co-axial with, but 
8e) te from, the driving and driven shafts, certain of these 
wheels gearing with one planetary member and certain of _ 
gearing with wheels of the other planetary member. Twe 
clutches and a set of brakes not exceeding three in number oe 
control the separate wheels by imparting rotation through the 
clutches and by locking certain of them by the brakes that power 





will be transmitted through the planetary members to the riven 
shaft, and the latter wa driven at the desired predetermined 
8. (Accepted December 6, 1916.) 





